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« Foreword 


We at Semiconductor Operations (SCO) are committed to provide excellence in integrated cir- 
cuit technologies, products, and services to support our customers, the Digital Systems Groups. 
Our primary objective is to optimize Digital’s competitive market position by develop- 
ing leadership system performance at the lowest possible cost and within the appropriate 
time constraints. 


The execution of programs designed to achieve this objective has resulted in the technologies 
and products described in the 1987 Semiconductor Databook Volumes 1 and 2. While the basic 
charter of SCO is to provide strategic and tactical management of all integrated circuit 
requirements, the VLSI design and manufacturing function of SCO has become the focal point 
for unique and complex circuits that have contributed significantly to the success of many new 
Digital products. A strategic investment has been made in CMOS technology and in the design 
tools necessary to take advantage of this technology. Increased circuit densities and perform- 
ance have resulted, and capabilities have been extended from full-custom design for maximum 
performance to semi-custom design for fast time-to-market application. CAD tools are 
continually being developed to further enhance design and design methodology. 


SCO is continually expanding its facilities to provide you with better service. While Hudson 
and Andover, Massachusetts are the nucleus of the engineering and manufacturing operations, 
supplemental design facilities are available in Israel and Japan and additional manufacturing 
capacity is being planned in Scotland. In addition, a new 6-inch wafer pilot fabrication line has 
been approved for construction in Hudson to aid in the state-of-the-art development of the 
advanced CMOS devices. 


During the past year, many new integrated circuits have been developed and released. Although 
some are application-specific, the circuits that are suitable for general use are described in 
Volumes 1 and 2 of this databook. Volume 1 is a revision to the 1986 Databook and includes the 
latest revisions and changes. Volume 2 contains information related to the new CMOS products 
that have been recently developed for general use. We encourage you to become familiar with 
these products and to use them in the design of Digital’s systems products when possible. We are 
ready to assist you in your design process and in support of your production needs. 


Our ultimate goal is to ensure that Digital’s systems continue to maintain significant competi- 
tive advantage through the use of SCO services and products. 
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- Functional Product Classification 




















Name Number | Description 
Microprocessors 
78032 21-20887-01 MicroVAX 32-bit CPU 
78132 21-22797-01 MicroVAX Floating-point Unit © 
78532 21-24329-01 MicroVAX Direct Memory Access — 
78516 ~ — 21-24330-01 MicroVAX Vectored Interrupt Controller 
78584 21-23864-01 MicroVAX Dynamic RAM Controller © 
ADVICE MicroVAX Incircuit Emulation Unit’ 
DC327 21-20852-AA V-11 ROM/RAM 
DC328 21-20851-AA V-11 Instruction/Execution Logic 
DC329 21-20850-AA ~ V-1L Memory Management Logic 
DC330 21-20849-AA  V-ll Floating-point Accelerator Logic 
Dcjil DCJ il ag Pit sapere 
FPJ11 21-21858-00 Fldatinie-point 
DCTI 21-17311-01 DCT 11 .16-bit Microprocessor 
Video Controllers , 
78610 21-24941-01 ’ Programmable Suite Cistuor 
78680 21-25011-01 » ©. Video Processor (VIPER) 
78690 21-21553-01 -» Video Control (ADDER) — 
Communications | - | . ie 
78808 21-23458-01 Octal ART | 
DC319 21-17312-00 PhART., 

Bus Support eo EL 
78701 19.22110-01. = VAXBI-Clock Driver | 
78702 19-22111-01 ~ WAXBI Elock Receiver 
78732 21-21689-00 ” VAXBI BIIC 
78733 21-23839-01 = ~~. +VAXBIBCI3 
78743 21-23838-01 .,. VAXBI BCAT 
DC003 19-12730-00.. _. ‘Dual-interrupt Circuit >. 
DC004 19-12729-00. Register Selector (Protocol Chip) 
DC005 19-13040-00 + ~ = 4-Bit Transceiver ss 
DC006 19-14035-00 Word Count/Bus Address Logic 
DC010 19-14038-00°. _ Direct Memory Access: Logi 
DC013 19-14438-00  — l NIBUS sae ad ae 
DC021 19-19015-00. 
General Purpose 
DC022 19-17871-00 -16-word by 4 sab iShics re 
DC102 19-13888-00 | Equals Checker 
DC301 21-12623-00 ~ Dual Baud Rate Generator 
Mass Storage Support | : 
DC018 19-19015-00 Sécialiser/Deserielizet Logic 
DC024 19-20116-01 -Encoder/Decoder Logic — 
DC309 21-15102-00 Reed Solomon Generator 
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: Part Identification Codes 


The following identification codes are used with the devices in this databook. 


780 Series 
78xyZ - XX ae ee 
{ __0 = Processors 5 = Controllers GA = Galline 


FA = Straight 
PA = Pin grid array 


6 = Graphic devices 

_7 = Bus interfaces 

~ 8 = Communications devices 
9 = Reserved 


1 = Coprocessor 
2 = Memories © 
3 = I/O devices, 
4 = Reserved 
DC Series 
DCxyz is a 
+ O= Custom bipolar devices 
——1 = Custom bipolar devices 


3= MOS devices 
5= MOS devices 


- Cross-referencing of Semiconductor Products 


Part Part Purchase — Description 

Name Number Number 

DC003 DC003 19-12730-00 Dual-interrupt Circuit 

DC004 = =DC004 19-12729-00 —_ Register Selector (Protocol) Logic. 
DC005 DCO005 19-13040-00  4-bit Transceiver 

DC006 = =DC006 19-14035-00 Word Count/Bus Address Logic 
DCO010 DC010 19-14038-00 Direct Memory Access 

DCOI3. DCO13 —-19-14438-00 _ UNIBUS Request Logic 

DCO018 — 19-17043-00/1 Serializer/Deserializer 

Dc021 DC021 19-19015-00 Octal Bus Transceiver 

DCc022. — 19-17871-00  16-Word by 4-bit Register File 
DC0O24 — 19-20116-01 § Encoder/Decoder Logic 

DC028 78701 19-22110-01 VAXBI Clock Driver 

DC0O29 = =78702 19-22111-01 VAXBI Clock Receiver 

DC102 a 19-13888-00 | Equals Checker Oe? 
DCc301.  — 21-12623-00 Dual Baud Rate Generator 
DC309._ — 21-15102-00 = Reed Solomon Generator — | 
DC310. =6DCTIl 21-17311-01_ = = DCT11 16-bit Microprocessor 
DC319 DC319 21-17312-00 = DLART 

DC321 ~—sC- FPA 21-21858-00 . FPJ11 Floating-point Accelerator 
DC502 78680-GA  21-25011-01 Video Processor (VIPER). | 

DC323 78690-GA_ 21-21553-01 Video Control (ADDER) 

DC324  78732-PA  21-21689-00 | VAXBIBIIC 

DC327 — 21-20852-AA  V-11 ROM/RAM 

bc328 —— 21-20851-AA —_V-11 Instruction/Execution Logic | 
DC329 — 21-20850-AA_V- 11 Memory Management Logic | 
DC330 — 21-20849-AA — V-11 Floating-point Accelerator Logic 
DC333 78032-GA _ 21-20887-01 MicroVAX 32-bit CPU a 
DC335  DCjil 21-17679-00 =DCJ11 16-bit Microprocessor 
DC337 78132-GA 21-22797-01. =MicroVAX Floating-point a 
DC343 =78743-PA =. 21-23838-01 |= VAXBIBCAI 
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Part 
Name 


DC344 
DC349 
DC357 
DC358 
DC503 
DC506 
ADVICE 


Part 
Number 


78733-PA 

78808-GA 
78584-GA 
718532-GA 


78610-GA | 


78516-GA 
ADVICE 


Purchase 
Number 


21-23839-01 
21-23458-01 
21-23864-01 
21-24329-01 
21-24941-01 
21-24330-01 


Description 


VAXBI BCI3 

Octal ART 

Dynamic RAM Controller (DYRC) 

MicroVAX Direct Memory Access (DMA) 
Programmable Sprite Cursor 

MicroVAX Vectored Interrupt Controller (VIC) 
MicroVAX Incircuit Evaluation/Emulation Unit 
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- Section 1—Microprocessor and Support Devices 





The microprocessors and support devices provide a low-cost means to implement the: ey 
versatility of the PDP-11 and VAX computers into system designs. | 


MicroVAX 32-bit Microprocessor 

MicroVAX 78032 Central Processing Unit—The “MicroVAX CPU is a 32-bit high-performance 
microprocessor that contains the architecture and functions of a VAX minicomputer. ‘The 
MicroVAX 78032 implements a subset of the VAX instruction: set and full VAX-11 memory 
management. It is fabricated in ZMOS (double-metal NMOS) and is contained i in a single 68-pin 
package. 


MicroVAX 78132 Floating-point Unit—The MicroVAX FPU is a high-performance cooperative 
processor used to accelerate the floating-point instructions of the MicroVAX 78032 CPU. It 
supports floating-point add, subtract, multiply, divide, and convert and other VAX-11 floating- 
point operations. The FPU is fabricated in ZMOS and is contained in a 68-pin package. 

MicroVAX 78516 Vectored Interrupt Controller—The VIC is a programmable interrupt controller that 
is fully compatible with the MicroVAX 78032 CPU. The 78516 VIC services up to 16 interrupt 
sources, resolves interrupt priorities, drives the IRQ lines of the CPU, and provides a programmable 
16-bit interrupt to the CPU. It is fabricated in high-speed CMOS and is contained in a 68-pin 
package. 

MicroVAX 78532 Direct Memory Access Controller—The 78532 DMA is a high-performance dual- 
ported four channel virtual memory DMA controller that enables high-speed data transfers 
between I/O subsytems and peripheral devices and the MicroVAX 78032 CPU bus. It contains dual 
ports and four channels that are independently programmable. The 132-pin device is fabricated in 
CMOS. 

MicroVAX 78584 Dynamic RAM Controller—The MicroVAX DYRC provides an interface between 
the MicroVAX CPU and up to 4 Mbytes of dynamic random access memory (DRAM). The 78584 
DYRC operates at two speeds to support 256K by 1-bit DRAMs that operate at different speeds. It 
is contained in an 84-pin package and is fabricated in CMOS. 

Advanced Development VAX Incircuit Emulator—The ADVICE is contained on a single module and 
provides a full-speed incircuit emulator of the MicroVAX 78032 CPU and MicroVAX 78132 FPU. It 
is used for the development of hardware and software products using the MicroVAX CPU and FPU. 





V-11 32-bit VAX Processor 

The V-11 processor chip set consists of four custom VLSI chips that were developed for use with the 
Scorpio CPU module which is a single module VAX system. 

DC327 ROM/RAM Logic—The ROM/RAM chip is a 44-pin oe device that provides the 
microcode control store function for the V-11 processor. 

DC328 Instruction/Execution Logic—The IE chip is a 132-pin PGA device that functions as the 
main data path and contains the microsequencer, minitranslation buffer, and instruction buffer. 
DC329 Memory Management Logic—The M chip is a 132-pin PGA device that provides most of the 
memory management logic and includes a tag store for cache memory, four UARTS, and a 512-entry 
backup translation buffer. 

DC330 Floating-point Accelerator Logic—The F chip is a 132-pin PGA device used to decrease the 
execution time of F , D , and G floating-point instructions and some integer multiply and divide 
instructions. 












PDP-11 16-bit Processors 
DCJ11 Microprocessor—The DCJ11 microprocessor is 4 60-pin CMOS DIP device that implements 
the full PDP-11 instruction set and has a performance comparable to the PDP-11/44 miniprocessor. 


FP]11 Floating-point Accelerator—The FPJ11 FPA is a 40-pin DIP that implements i in hardware all 
the floating-point instructions of the Doi thereby significantly i improving the performance of 
floating-point i instructions. 


DCT ‘Microprocessor—The DCT microprocessor is a 40-pin DIP ‘device oe contains the 
essential elements of the PDP-11 architecture. 
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: Features 


= High performance 
— 32-bit internal and external data path 
- Pipelined architecture — 
- Instruction prefetch — 





24 gigabyte vireoal. address space | 


* 1 gigabyte physical address space 
— 512 Mbyte physical memory space 
— 512 Mbyte I/O space 


« VAX memory management. 
- Full memory protection 
- Four privilege modes _ 
- Process and system space mapped 


- Description 


« Subset of the VAX instruction set 


- 245 instructions... 
~ 21 address modes _ 


_7 9 data types 





+ 22 interrupt levels 
- 15 software 
- 7 hardware 


| © Vectored software and hardware interrupts 


- compatible external interface 








- Single 5 Vdc power supply 


The MicroVAX 73082 is a [Wet aeenr ee foale<hib microprocessor that provides the 
architecture and functions of the VAX minicomputer in a single 68-pin package. Fabricated in 


ZMOS (double-metal MOS), the MicroVAX 78032 implements a fu. 


| 32-bit architecture that can 





directly access 4 Gbytes of virtual memory and 1 Gbyte of phyaiegt Pemory. Figure 1 is a block 


diagram of the MicroVAX 78032 microprocessor. 


; GENERAL REGISTERS 
i AND 
INTERNAL REGISTERS «od 


i 


32-BIT ALU 
AND 
BARREL SHIFTER 


INTERNAL DAL (32-BIT) a 


MEMORY 
MANAGEMENT | 
UNIT 


INTERNAL MICROINSTRUCTION AND 


CLKO 
CLKI 
RESET 


e ANS TRUCTION. L nn 
AND DECODE | CONTROL iNTTIM 


CONTROL STORE 


1 CLOCKS 





HALT 


IRO<3:0> 


CONTROL BUSSES 


ERR 
RDY 
DMR 
> DMG 
EPS 


| MICROSEQUENCER || oat ; BM<3:0> 
AND | 


INTERFACE | cS<2> 
CS<1:0> 
WR 


Figure 1 = MicroVAX 78032 Microprocessor Block Diagram 
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As Ri 


computer, personal computer and workstation, and as a low-end system. 


: Pin and Signal Descriptions 


ak ‘interfaced with ririeied ardard Treuckeat chips. a is ideal for use as a ead 





This section provides a brief description of the input and output signals and power and ground 
connections of the MicroVAX 78032 68-pin package. The pin ay are identified in Figure 
2 and the signals are summarized in Table 1. 


Vop 
DALO6 
DALOS5 
DALO4 
DALO3 
DALO2 
DALO1 
DALOO 

8s 

VDD 

IRQS 

iRQ2 

TEST 

IRQ1 

iROO 

PWRFL 
VBB 


<OUOO0 0 00 00 00 00.0 0 
PSESPESSESSESESESSES EDK 
Boo eee tS 
Tae Ce ee ay 
9 58 










MicroVAX 78032 


TOP VIEW 


OONAOb WN 


10 111213 1415 16 17 1819 2021 2223.24 25 26 


wl ome) 
EEE ELLE PEE EEELEE 
= ss 








[~ = 

| | 

| | 

| | 

| ee 

| PROCESSOR CHIP | aA i 
| | 

| | 

| | 

2 oA 


Vss 


——DAL22 . 
DAL23 . 


DAL24 
DAL25 
DAL26 
DAL27 


DAL28 
DAL29 | 
DAL30 


DAL31 


“VDD 
Ves | 


DS 
OBE 
CLKO 


Figure 2 « MicroVAX 78032 Pin Assignments 
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“Table 1- MicroVAX 78032 Pin and = Summary 





33-42 DAL<31:00>. irpaifoetpat : DateAddiecs: lines Time multiplesed, bidiree- 
45-59 tional data and address bus. 
62-68 


30 AS output | _ fddress strobe—System address strobe, ae i 





29 DS EE output : ye 7 - Data strobe—System dans strobe... : 
BM <3:0> input/output oe Bye masks —Identi ies the bytes 0 of the DAL bus that 









28 DBE ts eae iids es es oa Po a 
transceivers. 


memory or interrupt aig a 


1s or ‘memory ertor. 


20 eee input | — | i Exror—Indicates ¢ a b 





16....., RESEA | 4.3. INpUls ee ede) Reset—Starts the CPU initialization p process. 


1p RRR AT oe gag Farag alt_-Halts the execution of macroinstructions 
nae ee (nonmaskable interrupt). — Aoi ee 





24-26 CS<2:0> input/output - Control status—Indicates rs pec of i he 
3,4, IRQ<3:0> input/output Interrupt request—Interrupt lines for device interrupts. 











10 INTTIM input , Interval timer—Indicates a an n external interval timer 
condition. CORSE? tS pe 


18 DMR _input DMA request —Requests the bus for DMA transfers. 





22 DMG — output DMA grant—Grants bus for DMA transfers. 


23 EP output External processor strobe— Coordinates external 
processor transactions. __ 


2,32, Vow | input Supply voltage—5 Vdc supply. 
44,61 | 


1,31, Vss input Ground—Ground reference. 
43,60 


17 CLKI input Clock in—Clock input for chip timing. 


27 CLKO input Clock out—Clock output at half the frequency of 
CKLI. 


9 Veg output Back-bias—For manufacturing use. 
5 TEST input Test—For manufacturing use. 
*All signals are TTL levels except for pin 23 (EPS) which is CMOS. 
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eee aioe ne | Serra 
Data and address bus (DAL< < 31: 00: > 5) The d ee a one. b us-is-a: eiene treble bidirec- 
tional bus that transfers address, data, and‘other information during ‘bus cycles. For'a ‘detailed 
description of DAL < 31:00 > bus, refer to the MicroVAX 78032 32. Bit Gentral Processing Unit User's 
Guide. (Document No. EK- 78032-UG) - te) 





Bus Control | 

Address. PT (KS)—This signal indicates (i valid address fai ones is available on. ie 
DAL <29:02> bus-and ‘valid status information is on the BM<3:0>, CS<2:0>, and ous lines, 
The leading edge of this signal can be used to latch the address. 


External processor strobe (EPS)—This signal i is used by the CPU t to o coordinate external processor 
transactions. It is used with the following transactions: 


: "iansecten Rea an external processor controlled by the CPU, , soch as the MicroVAX 78132 
Floating-Point Unit. | 


a 
« Transactions between logic that implements a register or registers _ are defined as a part of the 
* MictoVAX internal processor register set. 





Data strobe (DS)—This. signal indicates chat ihe DAL bus is free to receive data sabi a CPU read 
cycle or that valid data i ison the DAL bus during a CPU write cycle. _ 

Byte masks (BM < 3:0> )—These signals are used to indicate which bytes of he DAL bus contain 
valid data as listed in Table 2. For a read cycle, they indicate which bytes of the DAL bus must have 
data driven onto them. For a write cycle, they indicate which bytes of the DAL bus contain valid 
data. Bits BM <3:0> are valid when the AS signal is asserted. senile 





Table 2 = MicroVAX 78032 Byte Mask Data Selection aah 





Byte Mask “Valid Data Bye ‘i 








BM3 | “DAL S31: 24> 

BM2 .  DAL<23:16>. 
BMT DAL<ib08> 
BMO  - DAL<07:00> 


wwe 
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his signal specifies the direction of data transfer on the DAL bus for the-current bus 
hen asserted, the CPU is performing a write operation. When not  deasserted, the CPU 
is performing a read operation. The WR signal is valid when the AS or EPS signal is asserted. 


Data buffer enable (DBE)—This signal is used with the WR signal to the control transceivers that 
may be between the CPU and the DAL bus. 


Ready (RDY)—This'signal'is asserted by external. logic io indie’ te ‘the completion of the « current 
bus cycle. When not asserted, it extends the current bus cycle for.a slower memory. o 
device. The RDY or ERR signal must be asserted to end the current bus cycle. “4 pg 
Ertor (ERR)—This signal is asserted by external logic to indicate that an error, “associated with he 


current bus cycle, has occurred (e.g., bus timeout or parity eieaign and to ‘oend the bus cycle. The ERR ERR 
or RDY ‘signal must be asserted to end the bus cycle. 









Reset ® RESET) —This i input veuienalt is ee to initialize the crt oa known state. 
Control status (CS < 2:0 >)—These lines are used with eith er the AS or the EPS and WR WR Sgrials to 


define the type of operation in progress for the current bus cycle le. lin lines: Lines C CS<2:0> are valid 
when the AS or the EPS signal-is asserted. bene 


During a read, write, or internipt-acknowledge ays (AS S asserted, the WR WR and.CS< 2: 0 > lines 
select the bus cycles indicated in Table 3. 








Write Canul SEO Bus eg eh gee meash 9 ot notioes sloy tdeesoor l lana ark 
WR CS<2:0> 





LLL reserved 





LHH interrupt acknowledge | 








cation ae —— Seas eal stl borscht ntact Maat 
HHL read (data, modify intent) | 
HHH read (data, no modify ingerit) 

LLL | reserved 








LLH ~—_—_—_sreserved | 

LHL | reserved 
~ LHH reserved 

HLL reserved 

HLH write unlock 


HHL reserved 


HHH write (data) 


a ad Bias Ma ei lec cal alee ery pong ocd Bocy [eng veg lor 
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At the beginning of an external processor read, write, or response cycle (EPS asserte | 
cs2. signal is eae rands the WR aod cs <10>. ihe gh ae the bus sols indicated i in 
Table 4... ae 


‘Table 4 = MicroVAX 78032 Ecasial Rogier Bus ws Gyle 
Waite Control Status Bus Cycle 











WR CS<10> — 

HLH | real data 

H HL reserved 

H HH .Yesponseenable _ 
L, LL ~~ write command (FPU) 

L LH © ©. write data 

L HL ___..write command (non-FPU) 
L | HH a reserved _ 


— a response enable cycle the CS <2> ‘bignal’in may be wilted lost bya the ead ees Refers to 
the External Processor Cycle section for a description of a response enable ald 


Interrupt Control | | 

Interrupt request (IRQ <3:0> \—These lines are used by the extetand logic to seriewale interrupt 
requests to the CPU. The lines are sampled - the CPU every micrpcycle. Table 5 lists 8 the! interrupt 
level assignments. 7 


Table 5 = MicroVAX 78032 Interrupt sna nat haces 
IRQ Line Interrupt Level 


TRO 3 IPL 17 
IRQ2 IPL 16 
ROI PL 
IRQO IPL 14 
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Powerfail (PWRFL)—This line allows the external logic to ne to notify the CPU of a powerfail 
condition. It is sampled by the CPU every microcycle. The PWRFL signal generates an interrupt at 
IPL 1E (hexadecimal). This interrupt is internally acknowledged by 1 the CPU and does not use an 
interrupt acknowledge bus cycle. 


Interval timer (I (INTTIM)—This line is line provides system timing information of the intanvalé timer ‘andi is 
sampled every microcycle. The INTTIM signal generates an interrupt at IPL 16 (hexadecimal). This in- 
terrupt is internally acknowledged by the CPU and does not use an interrupt acknowledge bus cycle. 
Halt (HALT)—This signal results in an interrupt used to halt the execution of macroinstructions, 
and is sampled every microcycle. At the conclusion of the current macroinstruction the CPU 
executes an external processor write cycle (CS < 1:0> = 10 and DAL<05:00> = 111111) and then 
enters the restart process. The restart process sets the CPU to a known state and then passes control 
to user code beginning at physical address 20040000 fhenadecimnal Fora ta description of the restart 
process, refer to the MicroVAX 7 8032 User's Guide. : | 


DMA Control 
DMA request (DMR)—This signal is ased by the external lov to take cotittol of the DAL bus and 
its related control signals. 


DMA gtant (DMG)—This signal indicates eat the CPU ba sane ites use of the DAL bus and its 
related control signals. 





Clock Signals 
Clock in (CLKI)—A TTL input that (aed the basic iat Gaebe * to ise clock generator on the 
MicroVAX 78032. 


Clock out (CLKO)—A timing signal output at half the requeng vy of basis clock (CLKI) to be used 
for system timing. athe . 


Miscellaneous Signals © se 7 
Test (TEST)—Reserved. This pin #zust be connected to pound, 


Power Supply Connections — 

Power (Vp) —5 Vdc supply. » 

Ground (V,;)—Ground reference. ; e 
Back-bias generator (V;,)—Reserved. This pin ust not be connected. 
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The MicroVAX 78032 architecture shown i in Figure : 53 is grouped i into two main areas. One # area is 
used ‘by the application programmer and contains general registers, “pointer registers, and the 
processor status word. The remaining area is used by the system programmer -and contains process 
control registers, memory anata saunas inher registers, and the iaaena a Status 


longword. 


APPLICATIONS PROGRAMMING 
GENERAL REGISTERS | 





PROCESSOR Se WORD 


SYSTEM , PROGRAMMING 





PROCESS CONTROL REGISTERS INTERRUPT REGISTERS 





MEMORY MANAGEMENT REGISTERS i 





Figure 3 » MicroVAX 78032 Programming Model 
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Siecpien 32-bit pane registers are included and can be used for temporary. stobage, as accumu- 
lators, as base registers, and index registers. The registers used for specific functions are the stack 
pointer (SP), argument pointer (AP), frame pointer (FP), and program counter (PC). | 
Stack pointer—The stack pointer (SP) contains the address of the processor defined stack. There 
are five stack pointers, one for each of the four operating modes of the processor and one for use by 
the system for handling i sid The stack pointer in use is determined pea te operating mode of 
the processor. oe 


Argument pointer— The VAX ae calle convention uses an ane iment: lin dials structure. The 
argument pointer (AP) contains the address of the base of this structure. 
rame pointer— The VAX procedure call convention builds a data s structt 
frame pointer contains the address of the base of this structure. / 


Program counter—The program counter (PC) contains the address of ths next byte of the program. 
Therefore, the PC is not used as an eccunilator Sa or — register oS 


Processor StatusWord | eer ee 
The processor status word (PSW), the: tower’ 16 wig af he P PSL, contains the senititi: dod 6 
trap enable flags. The PSW is the user accessible portion of the; pat status — Get) and 
is shown in io 4 one describes in mer 6 , 












sg on the stack frame. Tk 





10 09 o8 07. 





Bit Description 
15:08 MBZ (Must be zero). 


07:04 Trap Enable Flags—These bits cause traps to occur under the following conditions. 
DV (Decimal overflow)—Used by the emulation software i in the emulation of decimal 
instructions. 
FU (Floating underflow)—When set, this bit causes a floating underflow fault after the 
execution of any instruction which produced a floating result too small in magnitude to be 
represented. 
IV (Integer overflow)—When set, this bit causes an integer overflow trap after an 
instruction that produced an integer result that could not be correctly represented in the 
space provided. 
T (Trace) —When set, this bit causes a trace trap to occur after the execution of the next 
instruction. : 


03:00 Condition Codes—These bits contain information related to the result of the last CPU 
arithmetic or logical operation. The bits are defined as follows: 
N = 1 if the result was negative. 
Z = 1 if the result was zero. 
V = 1 if the operation resulted in an arithmetic overflow. 
C = 1 if the operand resulted in a carry-out-of or borrow-into the MSB (Most Significant 
Bit). 
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System Registers ae oe 

The system registers are privileged registers that are accessed by the operating system. These 
registers are used in context switching, memory management, —— andi lupe! ee 
and processor control. . | ie 


System control block base register—The system control block base register (SCBB) contains the 
base address of the system control block (SCB). The SCB contains the v vectors used for servicing 
interrupts and exceptions. “ 


Process control block base register—The processor control block base register (PCBB) contains the 
base address of the process control block se The PCB contains one hardware © context ses the 
current process. : 


Memory management saci Sees registers are used by the system to control rhe memory 
management unit of the MicroVAX 78032 and to access the page-table entries in memory used to 
translate virtual addresses into physical addresses. The function of each of these regiateny, is 
described in the memory management section. Spesett 


Interrupt registers— These registers are used to control the jineerhts ssreieti of the processor. ie 
storing interrupt requests, current interrupt priority level, and the interrupt stack pointer. The 
function of each of these registers is described in the Exception and Interrupt section. 


Processor status longword—The processor status longword (PSL) contains the processor status 
information. The lower 16 bits of the PSL are the user accessible processor status word. The upper 
16 bits of the PSL are privileged and accessed by the system. ver PSL format is shown in Figure 5 
and described in Table 7. 


31 30 29 28 27 26 25 24 2322 2120 1615 00 





Figure 5 « MicroVAX 78032 Processor Status Longword Format 
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Preliminary MicroVAX 7803 


Table 7 7 = MicroVAX 78032 Processor Status Longword wai da 
) ee MBZ (Must be zet0). 


30 TP (Trace pending)—Forces a trace trap qm set at "he besiniing 7 any instruction. “Set 
by the processor if the T bit in the PSW is set at the beginning of an instruction. 


29:28 MBZ (Must be zero). 

27 FPD (First part done)—Set when an exception or interrupt occurs during an instruction 
that can be suspended. If FPD is set when the processor returns from an exception or — 
interrupt, it resumes the interrupted operation where it left off, rather than restarting the 
instruction. 








26 _IS (Interrupt stack)—Set when the processor is executing on the interrupt stack. 


25:24 CUR MOD (Current access mode) —Thers access mode of the currently executing process as 
follows: © iat an Ge 
0 = Kernel 
1 = Executive 
2 = Supervisor 
3 = User 


_ 23:22 PRV MOD (Previous access: + mode)=Loaded £ from. CUR MOD ioe txteptions and Change 
Mode instructions, cleared by interrupts, and restored by REI. 


21 MBZ (Must be zero). 


20:16 IPL (Interrupt priority level) —- Gosia cn current ‘processor priority in the range 0 to 1F 
hexadecimal. The processor will accept interrupts only on levels greater than its current IPL. 





15:00 PSW (Processor status word)—Contains the processor status accessible by the user. 
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The eee of _ MicroVAX 78032 ae nine oe ee ss —_ 





ie i et ee 
fi 


& oa wee : A 
fa ese 


- quadword, character string, variable-length bit field and, through the optional flo ting-point unit, 
F ee D ee and G_floating. ae 6 and 7 show the pean of the data ae 
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i tats 
pyres] oo A 
MR-11634 
“'worp - 
A 
MR-11635 
rye 
LONGWORD a 


31 00 





 MRAIBIB 


QUADWORD 


tA 
fAt4 





MR-11637 


CHARACTER STRING 


07 00 
tA 
At 
| 
I 
07 00 
| | DAtL-L 
MAR-11638 


VARIABLE LENGTH BIT FIELD 


P+S P+S-1 ical 00 
ae FFEFFREFEEFEFEEEFFREEFERRFEFFF ned “A 
S-1 00 
MA-191639 


Figure 6 = MicroVAX 78032 Integer, Character-string, and Bit-field Data Types 
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F_FLOATING 
1514 07 


EXPONENT 


FRACTION 





D_FLOATING 
15 14 


EXPONE NT ‘A 
:At2 


FRACTION :At+4 





FRACTION. ae 4 | :A+6 


MA-11G41 


G_FLOATING : i 4) eee 
15 14 03 00 


Ps | EXPONENT FRACTION 
FRACTION 


“FRACTION 











| cAt2 
"FRACTION oe 


63 48 


MA-11642 


Figure 7 » MicroVAX 78032 Floating-point Data Types 


: Instruction Formats 


The VAX instruction set has a variable length instruction format that may be one byte or more 
depending on the type of instruction. The general format of a VAX instruction is shown in Figure 8. 
Each instruction consists of an 1 opcode foliawed by as ey as six operand specifiers. The muamber 





format: an address mode plus additional information aed to ote the operand: This additional 
information contains up to two register designators and addresses, data, or displacements. The use 
of the operand is determined from the eed and i is a = © Speyane type. It includes both the 


access type and the data type. 
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OPCODE (1 OR 2 BYTES) 





db ella mehheoh la eee 


OPERAND SPECIFIER 2 : | 
OPERAND SPECIFIER 3 







——a— oe me a ee ee a ee te 


OPERAND SPECIFIER 6 


MA-11601 


Figure 8 » MicroVAX 78032 Instruction Format 


Opcode Formats a ee 

The opcode. specifies the desired operation to be performed and may be one or two bytes, 
depending on the contents of the byte at address A. The opcode consists of two bytes if the value of 
the byte at address A is FD (hexadecimal). Figure 9 shows the opcode formats. 


ONE BYTE OPCODE: OPCODE . 





TWO BYTE OPCODE: | sig Big h Rs OPCODE: en ee ee oe : Gh eSettaipe pe -agsAee, 


Figure 9s MicroVAX , 8032 Opcode Formats | | | 
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Addiessing Modes 





A summary of the addressing modes used by the MicroVAX 78032 is listed in Table 8 witha briet 


description of each mode. 


Table 8 = MicroVAX 78032 2 Regie Aadessing var 


cco Register Addressing Mode 


edciic! Niue’ Assembler r 


0-3 literal S* #literal 

4 index i (Rx) 
register Rn 
register deferred . — (Rn). 
autodecrement ~(Rn) 

- autoincrement (Rn) + 
autoincrement @(Rn) 
deferred 
byte displacement _—_—-B* d(Rn) j 
byte displacement _ ae @B' d d(Rn) y 
deferred -_- 


WO OnN AW 
weuwuuwus 


le << 
he Se 
Toe 
<< 


word displacement 


deferred | 


mit OO We 


deferred Ae: 
ican Counter — Mode: ped 


Hexadecimal Name Assembler ui ‘ al mn: 


m 
- immediate T' #ceonstant y “ul 
absolute’ 9 ~@#address y y- 
byte eae B* address y y 
_byte relative deferred . @B*addressy y 
word relative WE address y oy 
word relative deferred — address y y 
longword relative — L’ pe pita y y 
longword; relative - L'address yy 
deferred ee | 





MmoAw>o 
<< < <a << < c < 
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word displacement oi red e yyy 


_ longword ae eneres Le d(Rn), VioBeoy | Vou: 
longword. displacoment site d(Rn) y y yy. 


Sint SA SSE ee 


“oN set et Met SPL 


<5 


Meee ewueee fe 


SO Ses Aor. 


1 PO: 


woe te te] 


ie 


f 
alt: 
f 
y 


ux 
ux 


PC SP Indexable? 


oss 2 iaderable? 


wu MMS 
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Table 8 « MicroVAX 78032 Register Addressing Modes (Cont.)" 





Addressing Legend — 

Access: Syntax: 

r.=read | i = any indexable address mode 
m = modify d = displacement 

w = write Rn = general register, n = 0 to 15 
a = address Rx = general register, x = 0 to 14 
v = field A | 7 os 

Results: 

y = yes, always valid address mode 

f = reserved address mode fault 

~ = logically impossible 

p = program counter addressing 

u = unpredictable 


ug = unpredictable for quad, D_/G_floating, or field if pos + size > 32 
ux = unpredictable if index reg = base reg 


General Register Addressing 

The general register address modes use one or more general registers, depending on 1 the i instruction 
and data type, or information required to locate the operand(s) to be used by the specified 
instruction. 


Register mode—The operand is contained in one of the general registers (Rn). 

Register deferred mode—Register Rn contains the address of the operand. 

Autoinctement mode—Register Rn contains the address of the operand. After the operand address 
is determined, the size of the operand in bytes is determined by its data type and is added to the 
contents of register Rn and the result is placed in register Rn. 

Autoincrement deferred mode—Register Rn contains a longword address that points. to the 


operand address. After the operand address has been determined, the ad oe. is added to the 
contents of Rn and the result is so tred in Rn. . 


Autodecrement mode—The size of the operand in bytes is determined i its data type ani is 
subtracted from the contents of Rn and the result is stored in Rn. The updated content of register 
Rn is the address of the operand. 7 : 


Literal mode—Literal mode addressing provides'a an iia means of specifying’! integer constants 
in the range of from 0 to 63 (decimal). In addition to short integer literals, this mode can be used to 
specify floating-point literals. The value is contained in the operand specifier. 


Displacement mode—The displacement contained in the operand specifier, after being sign- 
extended to 32 bits if it is a byte or word, is added to the contents of sg Rn, and the result is 
the operand address. — 


Displacement deferred ‘ides The Aisplacewiene sontatiedlt in ihe gpetand sede ie being 
sign-extended to 32 bits if it is a byte or word, is added to the contents of register Rn, and the result 
is the operand address. 
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Index mode—The operand specifier consists of two bytes or more, a primary operand specifier and 
_a base operand specifier. The primary operand specifier, contained in bits 0 through 7, includes the 
index register (Rx) and a mode specifier of 4. The address of the primary operand is determined by 
multiplying the contents of index register Rx by the size of the primary operand in bytes which is 
determined by operand type. This value is then added to the address specified by the base. epemand 
specifier (bits 15 through 8), and the result is the primary operand address. 


Program Counter Addressing 

Register 15 is used as the program counter (PC). It can also be used in the aidening modes, The 
processor increments the program counter as the opcode, operand specifier, and immediate data or 
addresses of the instruction are eval The amount that the PC is incremented is determined by 












uated. 
the opcode, number of operand speci fiers and other values. The PC can be used with all = the VAX 
addressing modes, except register, index, register defetred, or autodecrement. : 
Immediate mode—This mode is an autoincrement mode and the PC is used as the sit register: 
The contents of the location following the addressing mode’ contain immediate data. 








mode using ‘the PC as the general 
register. The contents of the location following the eae mode are taken as the operand 
address. This is interpreted as an absolute address that is an ackitess that remains constant in the 
memory location where the assembled instruction is executed. by oeraen! ies 
Rel, ode—Thi: | displacement mode and the PC i is sailed as’ cheigecdy a dédinten The 
rie sae follows the operand specifier is added to the P et thesum is the address of the 
operand. 

Relative deferred mode—This mode is similar to the relative mode except that the displacement, 
which follows the addressing mode, is added to > the PC and the st sum is is the fongward address of the 
operand. 

Branch Addressing 

During branch displacement addressing: the byte or word displacement i is sign-extended to 32 bits 


and added to the updated content of the PC. The updated content of the PC i is the address of the 
first byte beyond the operand specifier = | 








- Instruction Set. 


A summary of the VAX instructions lapiemened by the MicroVAX 78032, the floating-point 
instructions supported by the floating-point unit, and the emulated instructions that are assisted 
by the microcode are listed in Append: A. ct 


Operand Type 
_ The operand type specifies the use of the Seen that is associated with an instruction. The 
opcode includes the data type of each operand and the method of access as follows: 


1. Read—The specified operand is ready-only. 

2. Write—The specified operand is write-only. | 

3. Modify—The specified operand is read, may be modified, and is written. 

4. Address—Address calculation occurs until the address of the operand is obtained. In this 
mode, the data type indicates the operand size to be used in address calculation. The specified 


operand is not accessed directly; however, the instruction may use the address to access that 
operand. 
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Preliminary 


5. Variable bit field base address—If only register R[n]} is specified, the field is in general register 

~ Rn] or in R[n+1)R[n] (i-e., R[n+1] concatenated with R[n]). If R[n] is not specified, an 

address calculation occurs anil the actual address of the operand is obtained. This address 
specifies the base to which the field position (offset) is applied. . 


6. Branch—No operand is accessed. The operand specifier i is the branch displacement and the 
data type indicates the size of the branch displacement. ~ 


- Memory Management 


The memory management. unit provides a 1 flexible and ecHicient virtual memory programming 
environment.. Memory management and the operating system provide paging with user control 
and swapping. It also provides four hierarchical modes—kernel, executive, supervisor, and user, 
with read/write access control for each mode. | | 

The VMS Virtual Memory System provides a large address space and allows: programs t to run swith 
small memory configurations. Programs are executed in a process environment. Each process can 
operate with an address space of 4-billion bytes. — 


Virtual Address Space : | ee ees | 
Memory management divides the virtual sadeas’s space into two spaces sat egal size—the system 
‘space and the process space. The process space is divided into PO and P1 regions. Fiber 10. shows 
the virtual address space assignments. nF wo | 


00000000 
LENGTH OF PO REGION IN PAGES- 
(POLR) : 
PO 
REGION ne Ns se ene Oe ey — 
~ PO REGION GROWTH DIRECTION 
3FFFFFFF . 
40000000. 


P1 REGION GROWTH DIRECTION 


PI 
REGION 


LENGTH OF P1 REGION IN PAGES 
(2**21-P1LR) 

7PRRPREFF [__ es 

80000000 

7k OF SYSTEM REGION IN PAGES 

SLR) . 


SYSTEM 
REGION 
SYSTEM REGION GROWTH DIRECTION 


| - RESERVED 
REGION 





FFFRFRFRFFE 


Figure 10.» MicroVAX 78032 Virtual Address Space Assignments 


Padi Es 
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Virtual address format—A 32-bit virtual address is generated for each instruction and operand in 
rieinary. As the process is executed, the processor translates each virutal address into a physical 
address. The format of a virtual address is shown in Figure 11 and described in Table 9. 


Page protection—Independent of its location in virtual address space, a page of 512 bytes may be 
protected according to its use. A program may generate any address; however, the program may be 
prevented from modifying or accessing portions of the shared system space. A program 1 may also be 
prevented from accessing or modi ying portions of process space. oo 


Virtual address space layout—A Ac ess to the PO, P1, and System r regions is controlled by the (POLR, 
PILR, and SLR) length registers. Within the limits set by the length registers, the “access is 
controlled by a page table that overs - Apsrnnc access seauireagenrs, and location of each: page 
in the region. — 





















Bit | 7 ee i | 
31:09 VPN (Virtual Page Number)—This field specifies the virtual page to be referenced. 
| Virtual address space contains 8,388,608 pages of 5i2byteseach, 


Bits <31:30> of the VPN select the region of virtual aceins space being 





_ referenced _as follows: - oe 
~ Value of ; A Region 
Bits <31:30> | Referenced 
“22 ae Syste’ | 
3 : Reserved ote Seige | 
08:00 Byte number—This field es the number of the eye within ie page. 





Access Control 


The access control function dctegnaiines eee a oa or write. memory pees will be allowed 
to a memory page. Every page in : memory is assigned a prawection: code to sates illegal access to 
memory information. 
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Mode--Th hierarchical: soaxids — yy the N licroMAX: va S in’ — order a oie most to: al 
ptivildeed gre: combbe lstutiy dows Sat reeesnoig ary .bstioex ae myc] ali 2, 


0 Kernel—used by the kernel of — operating ayseeii for t page management, ceding and 
acl VE . Y/Odrivers. . imeey 292 


ie “Beativeliwed for many wot the epithe system service balls oe 4 ere sys ! 





1 
2 Supervisor—used for services such ; as command i interpretation. alee 
re _User—used for user level code, utilities, compilers, debuggers, etc. | a oe ' . 


The current, processor mode i is stored i in the current mode field of the processor status 3s longword 
(PSL)... - | , | 


Beene eben protection ie fees in ie page ners ie — ie rat page, defines: the 
accessibility of the page for each mode. These codes are described in Table 10. 





Table 10 = MicroVAX 78032 Protection Code Assignments 


Decimal Binary © © Mnemonic + =~ ~— Current Mode Comment 
Code Code K E S U 


0 0000 NA — — — _ no access 





OOO Lznotaieesti ows ie eB CEO & even » 2 od reserved 


1 
2 0010 KW RW — — = nohgiva 8 








0100 Raceucetiee 6)) (Mie aca <4\ (Eas 4) (Js (Geil ° 0) LE | | eee 





0110 ERKW RW ../R saan == 
8 1000 SW RW RW RW — 
9 1001 SREW RW RW RO — 
ae — 1010 SRKW RWeeR RO 6 — 


4 
6 
7 








11-8! F011 ive oo agRto tolues o& AisR bien eile mua stvd SC OOS 
: oo A Su ys 
13 1101 UREW RW RW R R : 

R 





Legend: 


— = no access K = Kernel 

* = unpredictable E = Executive 
R = read only S = Supervisor 
RW= read/write U = User 

W = write 


i 
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MictroVAX 78032 





- Memory Management Control 


Three registers are used to control memory management. One register is used to enable and disable 
memory management and the other two are used to control the address translation buffer. 


Memory Management Enable | 

The map enable register (MAPEN) deteciuines! ie the: memory. management. (Sate is 
disabled or enabled. The format of the map enable prsipiet is shown in Figure 12 and described in 
Table 11. | 





Figure 12 » MicroVAX 78032 Map Enable Register Format 





Table 11 + MicroVAX 78032 Map Enable | e ri 
Bit Descriptions Pee 
31:01 MBZ (Must be zero). 


00 MME (Memory management enable)—used t to enable and disable memory management as 
follows: . a ae 
1=MME enabled _ an 
0=MME disabled 





The translation buffer stores frequently used memory page ichabinbes: ‘The translation baffer 
stores eight entries that contain page table entries (PTE) for successful virtual address translations. 
It is controlled by the éranslation buffer favalicig single (TBIS) register and the translation buffer 
invalidate all (TBIA) register. 


The TBIS register invalidates siete PTE. entries in he nina aire bateey This i is raccomiettuhed by 
the system software by writing a virtual address into the TBIS register shown i in Figure 13. The 
MicroVAX 78032 will invalidate the translation buffer entry that maps to to the page in virtual 
memory accessed by the virtual address written into the register. 


The TBIA register clears the translation buffer by invalidating all the PTEsii in athe sepritarit buffer 
This is accomplished when the system software writes a 0 into the TBIA register shown i in Figure 
13. When a 0 is written into the TBIA register, all the PTEs in the translation buffer will be 
invalidated. 








VIRTUAL ADDRESS :TBIS 


‘TBIA 





Figure 13 » MicroVAX 78032 Translation Buffer Registers 
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Address Translation PD ne act | 
Translating a virtual address into a physical address by the memory / management unit is controlled 
by the memory mapping enable (MME) bit in the MAPEN register. When MME=0, the memory 
mapping is disabled, bits <29:00> of the virtual address become the physical address, and access 
is allowed in all modes. When MME = 1, the memory mapping is enabled and the virtual address is 
mapped to a physical address by the memory management. The address translation pines when 
memory management is enabled is as follows. 

Page table entry—All virtual addresses are translated to physical addresses by a page table entry 
(PTE) shown in Figure 14 and described in Table 12 


Protection check before valid check—The page sable entry contains a valid bit that controls the 
validity of the modify bit and page frame number field. The protection field is always valid and is 
checked first. 


3130 2726 25242322 2120 . 00 





~ OWN 


Figure 14 = MicroVAX 78032 Page-table Entry Format 


Table 12 « MicroVAX 78032 Page Table Entry — 
Bit Descriptions 


31 V (Valid bit)—Governs the validity of the M modify bit and the page frame number (PFN) 
field. V =1 for valid; V =0 for not valid. 


30:27 PROT (Protection field)—Describes the protection for the page. This field is always valid 
and is used by the hardware even when V =0. 


26 $M (Modify)—This bit is set (= 1) if the page has already been recorded as modified. M=0 
if the page has not been recorded as modified. Used only if V=1. 


25. 0 (Zero)—reserved. 
24:23 OWN (Owner)—reserved. 
22:21 0 (Zero)—reserved. 


20:00 PFN (Page frame number)—The upper 21 bits of the physical address of the base of the 
. page. Used if V=1. | 
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Preliminary MicroVAX 78032 


System Space Address Translation 

A virtual address with bits 31 and 30 equal to 2 is an dddeess in he system virtual ‘Adis space 
that is mapped by the system page table (SPT). The SPT is located in physical memory and its 
location and length are defined by the system base register (SBR) and the system length register 
(SLR), Figure 15. The SBR contains the physical address of the system page table. The SLR contains 
the size of the SPT in longwords that is the num bee of page table entries. The page table entry 
pointed to by the SBR maps to the first page of avai virtua taddress: spaces that i is virtual. byte 
address 80000000 (hexadecimal). “iH 

Figure 16 shows the translation of a system virvual eae toa aphipbe address. 

The algorithm used to generate a physical addre ss from a system region virtual address i is 


SYS_PA=(SBR+4*SVA <29:9>)<20:00> SVA <08:00> 











_ PHYSICAL LONGWORD ADDRESS OF SPT 


"LENGTH OF SPT IN LONGWORDS ~ | 





319029 | 0908 00 


SVA: 
(SYSTEM VIRTUAL , 
ADDRESS) 














EXTRACT AND: 
| CHECK LENGTH © 





SBR: | .. PHYSICAL BASE. ADR OF SPT 


YIELDS 





PHYSICAL ADR OF PTE 


PTE: 






CHECK ACCESS THIS ACCESS CHECK 


IN CURRENT MODE © 


PHYSICAL ADR OF DATA: 


Figure 16 » MicroVAX 78032 System Virtual-to-Physical Address Translation 
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Process Space Address Translation : 

A virtual address with bit 31 set to 0 is an address in the process actual lias soaee: The p pisess 
space is divided into two equal sized, separately mapped regions. If virtual address bit 30 is set to 0, 
the address is in region PO. If virtual address bit 30 is set to 1, the address is in region P1.. 

PO region address translation— The PO region of process address space is specified by the PO page 
table (POPT). The POPT is located in system virtual address and its location and length are defined 
by the PO base register (POBR) and the PO length register (POLR), Figure 17. The POBR contains the 
system virtual address of the PO page table. The POLR contains the size of the POPT in longwords, 
that is, the number of page table entries. The page table entry pointed to by the PO base register 
maps the first page of the PO region of the virtual address space, that is, virtual byte address 0. 


Figure 18 shows the translation of a PO virtual address into a physical address. 


The algorithm used to generate a physical address from a PO region virtual address is 
- PVA_PTE=POBR + 4*PVA <29:09> 
PTE_PA= (SBR + 4*PVA_PTE < 29:09 > )<20:00 > ’PVA_PTE < 08:00 > 
PROC_PA =(PTE_PA) < 20:00 > PVA <08:00> 


SYSTEM VIRTUAL LONGWORD ADDRESS OF POPT :POBR 


LENGTH OF POPT IN LONGWORDS -POLR 














313029. 0908 00 
PVA: | eT tT T 
{PROCESS VIRTUAL | 
ADDRESS) 
POBR: SYS VIRT BASE ADR OF POPT 
YIELDS 
SYS VIRTUAL ADR OF PTE 
FETCH BY SYSTEM SPACE 
TRANSLATION ALGORITHM, 
INCLUDING LENGTH AND 
es _. KERNEL MODE ACCESS CHECKS 
3130 2120: oO. 
PTE: | cn 






THIS ACCESS CHECK 
IN CURRENT MODE 


CHECK ACCESS 


PHYSICAL ADR OF DATA: . 


Figure 18 » MicroVAX 78032 PO Virtual-to-physical Address Translation 
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P1 region address translation—The P1 region of the address space is specified by the P1 page table 
(P1PT). The P1PT is located in the system virtual address space and its location and length are 
defined ‘by the P1 base register (P1BR) and the P1 length register (P1LR), shown in Figure 19. 
Because the P1 space expands toward smaller addresses, and a consistent hardware interpretation 
of the base and length registers is desirable, the P1BR and P1LR contain the portion of the P1 space 
that is not accessible. Note that P1LR contains the number of nonexistent PTEs. P1BR contains the 
system virtual address of what would be the PTE for the first page of P1, which is the virtual byte 








address 40000000 (hexadecimal). The address in the P1BR may not be a valid system virtual 
_ address; however, all the addresses of PTEs must be valid system virtual addresses. Figure 20 shows 
the P1 virtual address to physical address translation. 

The algorithm used t to generate a physical address from a Pi region virtual address i is. 


PVA_PTE=P1BR+4*PVA<29:09> | 
PTE_PA=(SBR+4*PVA_PTE<29:09 >) <20:00>'PVA_PTE <08: 00> 
| “PROC_PA=(PTE_PA)<20:00>’PVA<08:00> | 








| LENGTH OF PIPTINLONGWORDS. |} :P1LR 














PVA 
(PROCESS VIRTUAL 
ADDRESS) 






EXTRACT AND 
- CHECK-LENGTH. —-- 


P1IBR: | SYS VIRT BASE ADR OF P1PT 





YIELDS 





SYS VIRTUAL ADR OF PTE 


“ FETCH BY SYSTEM SPACE 
TRANSLATION ALGORITHM, 
INCLUDING LENGTH AND Zo 

... KERNEL MODE ACCESS CHECKS __. 


PTE: 


CHECK ACCESS . THIS ACCESS CHECK 


IN CURRENT MODE 


PHYSICAL ADR OF DATA: 


Figure 20 = MicroVAX 78032 P1 Virtual-to-physical Address Translation 
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Memory Management Faults 7 | A 

The two types of faults associated with memory mapping and piotecuen are ie ceneleion't not valid 
and access control violation. An access control violation fault exists when the protection field of 
the PTE indicates that the intended page reference in the specified access mode is illegal. A 
translation not-valid fault exists when a read or write reference is attempted through an invalid 
PTE. If an access control violation and a translation not-valid faults occur, the access control takes 
aguan | 


- Exceptions and Interrupts 

During system operation, events that are not related to the current process can require service. 
These events cause the processor to interrupt - process being executed and transfer control to a 
program that will service the event. _ 

An exception is the notification of an event that is relevant to the currently executing process and 
normally invokes a program in the context of the executing process. 

An interrupt is the notification of an event that is relevant to other processes or to the system and is 


serviced in a system wide context. The system wide context is defined as executing on the interrupt 
stack. The priority associated with the interrupt is the interrupt priority level. (IPL). 


Interrupt Priority Levels _ 

The VAX architecture includes 31 priority interrupt levels. Fifteen levels (1 through F hexadecimal) 
are software related and 16 levels (10 through 1F hexadecimal) are hardware related. Table 13 lists 
the interrupt priority level assignments for the MicroVAX 78032. 


Table 13 = » MicroVAX 78032 Interrupt Priority Level Assignments 
IPL Level Interrupt Condition | 


(hexadecimal) 

1F unused. 

1E PWRFL asserted _ 
18-1D unused — 
17 — ‘JROS asserted 
16 INTTIM asserted 
16 — JROQ2 asserted 
15 | IROI asserted 
14 — TRQO ~ asserted 
10-13 unused © 


01-OF software interrupt request 


1-26 Confidential and Proprietary 








MicroVAX 78032 





Interrupt Requests | 
Interrupt requests are serviced during the execution of long i interactive instructions such as seing 
instructions and at the completion of an instruction. 


Urgent interrupts—Interrupt level 1E (hexadecimal) indicates a powerfail condition and requires 
immediate service in the MicroVAX 78032. _ 

Device interrupts—Interrupts 14 through 17 (hexadecimal) are assigned to the peripheral devices 
operating with the MicroVAX 78032. 

Software interrupts—Interrupts 1 through F are used phe the MicroVAX 78032 system to generate 
software controlled interrupts. 

Interrupt Registers | 

The interrupt system is controlled by the interrupt priority level register (IPL), the software 
interrupt request register (SIRR), and the software i interrupt summary register (SISR). 

Software i interrupt summary register— The software i interrupt summary register (SISR), shown in 
Figure 21, is a privileged register that records pending software interrupts. A 1 is set in the bit 
position corresponding to levels on which software interrupts: are pending. 














VT BENDING SOPTWARE INTERRUPTS i |. 
1 LF pE)DpC, 8, A) 9,8) 776)5)4,3,2)1 


Figure 21 = MicroVAX 7 8032 Software Interrupt Summary Register Format 


Software interrupt request register—The software interrupt request register (SIRR), shown in 
Figure 22, is a write-only, 4-bit privileged register used for making a software interrupt request. 
The software requests an interrupt by writing the appropriate interrupt level to the SIRR. Once a 
software interrupt request is made, the corresponding bit in the SISR is set. The processor will clear 
the bit in the SISR when the interrupt has been acknowledged. 





31 0403 ~=—«00 


IGNORED 





Figure 22 » MicroVAX 78032 Interrupt Request Register Format 


Interrupt priority level register—Writing to the IPL register, shown in Figure 23, loads the 
processor priority field in the processor status longwood (PSL). 





IGNORED, RETURNS 0 | 71PL 


rn) 
PSL<20: 16> 


Figure 23 « MicroVAX 78032 Interrupt Priority Level Register Format 
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Anexception is an event that is the direct result of executing a specific instruction. Exceptions also 
include errors automatically detected by the processor, such as improperly formed instructions. 


The MicroVAX 78032 recognizes the six classes of exceptions summarized i in Table 14. 


Table 14 « MicroVAX 78032 Classes of Exceptions 


Exception Class Condition 
arithmetic traps/faults integer overflow trap 
. integer divide by zero trap 
subscript range trap 
floating overflow fault 
floating divide by zero fault 
— floating underflow fault 
memory management exceptions access control violation fault 
translation not valid fault 
operand reference exceptions reserved addressing mode fault 


reserved operand fault or abort 


instruction execution exceptions _reserved/privileged instruction fault 


emulated instruction fault 
extended function fault 
breakpoint fault 

tracing exception | trace trap 


‘system failure exceptions memory read error abort 
| ro memory write error abort 
kernel stack not valid abort 
interrupt stack not valid abort 
machine check abort 


System Control Block 

The system control block (SCB) is a page in physical memory that contains the vectors for servicing 
interrupts and exceptions. Table 15 shows the type and location of the vectors. The SCB is pointed 
to by the system control block base register (SCBB), Figure 24. 


313029 | 9g 08 00 





PHYSICAL LONGWORD ADDRESS OF SCB 


Figure 24 » MicroVAX 78032 System Control Block Base Register Format 
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_ Table 15 = MicroVAX 78032 System Control Block Vectors 
Vector Vector | Type : 
Address Name 

00 unused abort 

04 machine check abort 

08 | kernel stack not valid = ‘interrupt 

= ae ae 

10 “reserved/privileged = fault 


instruction 





18 reserved operand — ‘fault 
1C reserved addressing mode fault 

20 access control violation fault 

24 translation not valid salt, 
28. . trace pending (TP) ed ted “fault 
2¢ breakpoint instruction — 
30 unused trap/fault 
34 arithmetic | ee 
38-3C unused trap 

40 CHMK | | trap 

44 CHME — trap 

48 CHMS | trap | 

4C CHMU 7 = 

50-80 unused ss interrupt) 


144 ~—_ extended instruction | 





84 software level 1 | _ interrupt 

88 software level 2 interrupt 

8C software level 3 | interrupt ~~~ 
90-BC software levels 4-155. interrupt 

Co interval timer —_ 
C4 unused a fault 

C8 emulation start fault 
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Table 15 « MicroVAX 78032 System Control Block Vectors (Cont.) 


Vector Vector ‘Type 
Address Name 

(hexadecimal) 

CC emulation continue a — 
DO-FC unused interrupt 


100-1FC adapter vectors* | interrupt 
200-3FC device vectors* 7 


*Used by the MicroVAX 78032 to directly vector interrupts from the external bus. The vector is 
determined from bits <9:2 > of the value supplied by external hardware. If bit <0> of the offset 
is 1, then the new IPL is forced to 17 hexadecimal. Only device vectors in the range of 100 to 3FC 
hexadecimal should be used, except by devices emulating console storage and terminal devices. 


: Process Structures 


A process is the basic entity scheduled by the system software. The context of the current process is 
contained in the process control block (PCB) shown in Figure 25. The PCB is located in physical 
memory and is pointed to by the process control block base register (PCBB) shown in Figure 26. 





NOTE: THE PME FIELD IS UNUSED. 


Figure 25 = MicroVAX 78032 Process Control Block Assignments 
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Figure 26 » MicroVAX 78032 Process Control Block Base Register Format _ 


- Processor Regiiners . 


The MicroVAX 78032 processor contains many registers sae are pone to Bie user. These 
registers are listed in Table 16 and are groups described by the following categories. — 


1=Registers implemented by the MicroVAX 78032 as specified by the MiceovAE Architecture. 
2 = Registers implemented only by the MicroVAX 78032. 


3=Registers passed to the external logic via the external processor register cco. If not 
implemented externally, they are read as zero and result in no operation during a write cycle. 


4 = Register access is not allowed (reserved operand fault). 








Kernel Stack Pointer _ _KSP RW PROC 
Executive Stack Pointer a oo “RW PROC —_ 
Supervisor Stack Pointer + «SSP RW PROC — 
User Stack Pointer pee IGP arn RE ROG oe 




















POBscRepises SS POBR RW PROC — 
PO Length Register _ ‘ oe POR RW. PROC = 
10 Pi Base Register ~PIBR RW. PROC — 
11 PiLengthRegister - : P1LR RW PROC — 





0 
1 
2 
3 
4 
Sa en eins eee adits 
7 
8 
9 





1 
1 
1 
1 
1 
reserved | | 6. Sees ee —_ nine si 
Saeed 
1 
1 
1 
1 





12 ~ System Base Register "SBR RW CPU 1 

B System Length Register oor SLR RW CPU — 1 
as aie a (CU ft G)|!~!€«Cm Ade ack ott eee, es es 
15 reserved — _-_ — —_—e 4 
16 Process Control Block Base PCBB RW PROC — 1 
*Refer to Processor Register description. —~ 
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Table 16 » MictoVAX 78032 Internal Processor Registers (Cont.) 








Number RegisterName ~~ ~—~—~—Ss Mnemonic ‘Type Scope Initialize Category* 
17 System Control Block Base SCBB. RW. CPU —. 1 
18 Interrupt Priority Level IPL RW CPU yes 1 
19 AST Level ASTLVL RW _ PROC yes 1 
20 Software Interrupt Request SIRR W CPU — 1 
21 Software Interrupt Summary SISR © RW CPU yes 1 + 
22. Interprocessor Interrupt IPR RW CPU — 40 
23 CMI Error Register - CMIERR R CPU — 4 
24 Interval Clock Control ICCS = RW CPU yes | | 2, 
25. - ‘Next Interval Count NICR © W CPU — 3 
26 IntervalCount _ "GRR CPU 3 
27 Time Of Year TODR RW CPU — 3 
28 Console Storage Receiver Status CSRS RW CPU — 3 
29 | Console Storage Receiver Data = CSRD R CPU — 3. 
30 Console Storage Transmitter Status. ; CSTS RW CPU — 3 
31 ‘Console Storage Transmitter Data © CSTD WwW cPU —_ : 3 
32 _ Console Receiver Status ~ -RXCS RW CPU == 3 
33 Console Receiver Data - RXDB «R = CPU 3 
34. ~—- Console Transmitter Status _ TXCS RW CPU — 3 
35 Console Transmitter Data - -'TXDB W CPU ee | 3 
36 Translation Buffer Disable TBDR RW CPU — 3 
37. Cache Disable CADR RW CPU — 3. 
38 Machine Check Error Summary MCESR RW CPU — 3 
39 Cache Error 7 7 CAER RW CPU — 3 
40 Accelerator Control/Status ACCS = RW CPU — | 4 
41 Console Saved Interrupt Stack Pointer SAVISP R CPU —. 2 
42 ~ Console Saved PC a | SAVPC R CPU — | 2 
43. ConsoleSavedPSL net GAVE Slee Ry ws GPU nee ae 
44. WCS Address __ ~ WCSA RW CPU — _ 
45 WCSData — | wcsb RW CPU — 4 
46 reserved — a — — 4 
47. reserved | aa _ — 7 4 





*Refer to Processor Register description. 
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Table 16 = MicroVAX 78032 Internal Processor Registers (Cont.) 











Number Register Name hee Mnemonic ‘Type Scope Initialize Category* 
48 SBI Fault/Status SBIFS RW CPU — 3 
49 SBI Silo | SBIS R CPU — 3 
50 SBI Silo Comparator SBISC RW CPU — 3 
51 SBI Maintenance a ~ SBIMT RW CPU. — 3 
52 SBI Error Register’ SBIER RW CPU — 3 
53 SBI Timeout Address SBITA oR’ CPU — 3 
54 SBI Quadword Clear SBIQG W CPU — 3 
55 IO Bus Reset ;  TORESET. W CPU — 3 
56 Memory Management Enable : MAPEN RW CPU _ yes 1 
57 Trans. Buf. Invalidate Al TBIA =W CPU — 1 
58 Trans. Buf. ‘lnvelidate Single i TBIS | Ww “CPUC 1 
59 Translation Buffer Data TBDATA RW CPU — |. 3 
61 Performance Monitor Enable ~ © “PMR ~~ RW) PROC — 3 
62 System Identification Bl en age eee Geptyy Ga 1 
63 _—— Translation BufferCheck ©... .TBCHK W. CPU — 1 
— ee — 4 


64:127 reserved ee 
*Refer to Processor Register description. =~ 


Interfacing Requirements 
The MicroVAX 78032 connects to memory, to external circuits, and to the power source through 


the connection pins on the package. The following paragraphs define the Powe reset, and bus 
connections and describe the timing considerations for bus operation. 





Power Connections 

The MicroVAX 78032 requires a single 5 Vdc power supply. Eight pins are provided for power 
connections; four Vpp pins and four V;s pins. The Vpp pins connect to 5 V and the V,, pins connect 
to ground. The power decoupling and grounding is important. Decoupling the power supply is 
implemented by connecting a capacitor between each Vpp pin and its associated V,, pin as shown in 
Figure 27. The recommended capacitor type is 10 pf tantalum, +1, — 10%. The ground pins (V,;) 
should be connected to the common ground for the power supply at the chip. 


The MicroVAX 78032 internally generates the required negative voltage that is externally available 
on the V,, pin. This voltage does not require filtering and the Vg, pin must not be connected either 
to ground or to 5 V. 
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 ygsx é 
“+5 Vo— ~ 
| VCCX —L 
oe MicroVAX 78032 
+ 
+5 V0 +5V 
vec! | ee 
ALL CAPACITORS 
RESET | 10 pF TANTALUM, +1 ~10% 


Figure 27 » MicroVAX 78032 Power and Reset Comicon: 


Reset and Powerup Requirements / 
The MicroVAX 78032 is reset by the following conditions. _ 
1. When power is first applied, the RESET level must be held low for a minimum of 3.0 ms after 
Vpn has reached 4.75 V. To ensure that the internal voltages are stable before an operation 
begins. 
2. The RESET level must be held low for a minimum of 3.0 us if the RESET level i is asserted after 
Von has been at 4.75 V for more than 3.0 ms. 


. When RESET level is asserted, the MicroVAX 78032 stops executing ene and enters the 
restart process. The restart process sets the CPU to a known state and then passes control to user 
code beginning at physical address 20040000 (hexadecimal). For a description of the restart 
process, refer to the MicroVAX 78032 Central Processing Unit User's Guide. 


Bus Connections | 

Figure 28 shows a typical interface configuration of the MicroVAX 78032 and Sains control 
signals and bus connections. The directions of the input and output signal are indicated by the 
arrows on the lines. 
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ERR 

RDY 
BM<3:0> 
BS 


INTERRUPT 
CONTROL 






DMA : 
CONTROL | 
ADDRESS 


K BD<31:00> 







| MicroVAX 78032 | 
| CENTRAL PROCESSING 
UNIT 








| DATA 
TRANSCEIVERS 






MicroVAX 78132 | 
FLOATING a | 






EPS 
CS<2:0> 
CLKO 


Figure 28 » MicroVAX 78032 Typical Interface Configuration 


- Bus Cyeles 
A bus cycle will be initiated by one of the following c conditions: 
A microcycle is the basic timing unit for a bus: cycle. A micro 





ait cycle is shown in Figure 29 and is 
defined as four cycles of CLKO(T1 through 'T4). © eae 





- Reading or writing information from or to memory ora periphera device. _ 





= Acknowledging an interrupt by reading the device i interrupt -yector. 


- Transferring information from or to an external processor. 


MICROCYCLE MICROCYCLE 
T4 TI | 12 | T3 | 14 TI T2 | T3 T4 TI 


Figure 29 » MicroVAX 78032 Microcycle 
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CPU Read Cycle _ 


The CPU uses a CPU ead wile to input iformnaticl from memory or an n YO device. A CPU read 
cycle timing sequence is shown in Figure 30. A CPU read cycle requires a minimum of 2.0 
microcycles and may be extended for slower memory or devices. 


i TT ga Y 





Figure 30 « MicroVAX 78032 CPU Read Cycle Timing Sequence 
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The first microcycle of a CPU read operation is used to transfer the address and control information 
and the data is latched i into the CPU during the last microcycle. 


The sequence of events for a CPU read operation follows: 


1. 


2: 


7. 


. If the requested data is valid, it can be placed on the bus during T3 of the next micro 


The physical (longword) address is driven onto DAL <29:02 > and the memory operand length 
onto DAL< 31:30> by the CPU. 


The WR signal is unasserted and CS<2:0> are aeeetted as wernt] to indicate the type of bus 
cycle being performed. 


. The BM<3:0> lines are asserted as required. 
. The AS signal is asserted to indicate that the address is valid and can be latched for 


demultiplexing and to qualify CS<2:0> and BM<3:0> information. 


. The DS DS signal is asserted to indicate that the bus is free to receive the requested information. 


The DBE signal is also asserted at this time and can be used to control the DAL bus transceivers. 
microcycle, the 
external al logic asserts the RDY signal, and the microcycle that follows is the last for this bus cycle. 
If the RDY signal is not asserted by the end of the current nt mictocygle, the bus’ cycle will be 
extended by one microcycle. | 





If a bus error occurs, external logic responds by asserting the ERR signal. If ERR is asserted 
during a data read, the CPU ignores the data on DAL< 31:00 >, extends the bus cycle by one — 
microcycle, and initiates a machine check. If the ERR sigr al is asserted during an instruction 
read with CS<2:0> =100, the CPU stops. prefetching and when the instruction buffer is 
empty, the CPU will attempt to fetch the next instruction byte with a data read cycle. The ERR 
signal takes precedence over the RDY signal. The assertion of either RDY or the ERR signals 
results in the completion of the current bus cycle. 


The requested data is latched into the CPU and the DS ace is Cessieried.: 






8. The AS and DBE signals are deasserted to end the bus cycle. - 


CPU Write . Cycle 3 
The CPU uses a CPU write cycle to Sifanaier information to memory or to an 0 rae A CPU 
write cycle, shown in Figure 31, requires : a minimum of 2 microcycles and may be extended for 
slower memory or devices. 
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CLKO | 

| 

| 

| 
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> a 
7 3 | 
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Figure 31 » MicroVAX 78032 CPU Write Cycle Timing Sequence 


The first microcycle of a CPU write operation is used to transfer the address and control 
information and the valid data is written during the second microcycle. 


The sequence of events for a CPU write operation follows: 


— 


No 


aA 


“OS MV 


. The physical (longword) address is driven onto DAL<29: 02> and the memory operand length 


is onto DAL< 31:30> by the CPU. 


. The WR signal is asserted and CS <2:0> lines are asserted as required. 
. The BM<3:0> lines are asserted as required. 
. The AS signal is asserted to indicate that the address is valid and can be latched for 


demultiplexing and to qualify the CS<2:0> and BM<3:0> information. 


. The DBE signal is asserted and can be used to control the DAL bus transceivers. 
. The CPU drives data onto the DAL bus and asserts the DS signal to indicate that the data is valid. 
. If the data can be read during the next microcycle, the external logic asserts the RDY signal and 


the following microcycle is the last for this bus cycle. If the RDY signal is not asserted by the end 
of the current microcycle, the bus cycle will be extended by one microcycle. 


If a bus error occurs, external logic responds by asserting the ERR signal and the CPU initiates a 
machine check. The ERR signal takes precedence over the RDY signal. 


The assertion of either the RDY or ERR signals results in the completion of the current bus cycle. 
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8. The DS signal is deasserted to indicate that the data will be removed from the DAL bus by the 
CPU. 


9. The AS and DBE signals are deasserted to end the bus cycle. 


Interrupt Acknowledge Cycle 
An interrupt acknowledge cycle is used to acknowledge an interrupt request from an I/O device, 
and to read a vector. The structure of this cycle is the same as a CPU read cycle shown in Figure 30. 


The first microcycle of an interrupt acknowledge cycle is used to transfer the interrupt priority level 
(IPL) that is being acknowledged and the interrupt vector from the i interrupting device is latched 
into the CPU during the last microcycle. 


The sequence of events for an interrupt acknowledge cycle is as follows: 


1. The CPU places the IPL of the interrupt being acknowledged o on DAL<04:00>. 
DAL < 29:05 > lines are zero and the DAL< 31:30> lines are = 10. 


. Lines CS <2:0> are asserted to indicate an interrupt acknowledge cycle. 
. Lines BM <3:0> are all asserted and the WR signal is unasserted. 
. The AS signal is asserted to indicate that the IPL level on the DAL<04:00> links i is valid. 


. The DS is asserted to indicate that the bus can receive incoming data. The DBE signal is also 
asserted at this time and can be used to control the DAL bus transceivers. — 


Ww & Ww bd 


6. If no error occurs, the external logic responds by placing the interrupt vector on the 
DAL<09:02> lines the normal Q-bus processing flag on DAL<00>, and by asserting the 
RDY signal. The DAL < 15:10,01 > lines must be a high or low level in accordance with the setup 
times specified in the timing diagrams. 

7. If an error occurs, the external logic asserts the ERR signal and the CPU cancels the cycle and 
ignores the data on the DAL bus. 

8. The interrupt vector is latched into the CPU and the DS signal is deasserted. 


9. The AS and DBE signals are deasserted to end the bus cycle. . 


DMA Cycle 

A DMA cycle shown in Figure 32, is used by the CPU to relinquish control of thie DAL bus anid 
related control signals upon request from a DMA device or ici CPU... 

The sequence of events for a DMA cycle is : 

1. The DMA device requests use of the bus by Perers the DMR DMR ‘cal 


2. The CPU samples the DMR line for a DMA request during each micorele unless the current bus 
cycle is a read lock cycle. | 

3. The CPU causes the DAL<31:00>, KS, DS, DBE, WR, BM :( >, ey cs<2: 0> lines to 
become a high-impedance and asserts the DMG line to grant the DMA device use of the DAL 
bus. 


4. When the requesting device is finished using the bus, it deasserts the DMR DMR signal, and the CPU 
_ takes control of the bus. 
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Figure 32 » MicroVAX 78032 DMA Cycle Timing Sequence 
- External Processor Cycles 


The CPU uses external processor cycles to communicate with external processors and external 
processor registers. 


External Processor Read Cycle | 

The external processor read cycle shown in Figure 33 is used to transfer information from an 
external processor or external processor register to the CPU. An external processor read cycle 
requires one microcycle. : 
The sequence of events for an external processor read cycle is: 

1. The CS<1:0> lines are asserted as required and the CS2 line i is sustained at a high level. 

2. The WR signal is not asserted for a read cycle. 


3. The EPS signal is asserted to indicate that an external processor bus ee is in proms: “aaa to 
qualify the CS <2:0> lines. 


4. The external processor places the requested fedeciaatinn on the DAL. 
_ 5. The requested information is latched into the CPU and the EPS line is deasserted. 
6. The external processor removes its information from the DAL bus to end the bus is 


External Processor Resse Cycle 

The external processor response cycle shown in Figure 33 is used to transfer information and a 
completion or confirmation signal from an external processor or external processor register to the 
CPU. An external processor response cycle requires one microcycle. 
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Figure 33 » MicroVAX 78032 External Processor Read/Response Cycle Timing Sequence 


The sequence of events for an external processor response cycle i is: - 
1. The CS<1:0> lines are asserted as required am ie cs2 line is sustained at high level. 
2. The WR signal is not asserted for a read cycle. © | 


3. The EPS signal is asserted to indicate that an external processes bus cycle is-in process and to 
qualify the CS <2:0> lines. 


4. The external processor places the requested information on a DAL bus and optionally drives 
the CS2 line low. 


5. The requested information is latched into the CPU and the EPS signal is deasserted. 


6. The external processor removes its information from the DAL bus and deasserts CS2, if asserted, 
to end the bus cycle. 
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External Processor Write Cycle : 
The external processor write cycle shown in Figure 34 is used to ances information from the CPU 
to an external processor or = processor register. An external processor write cycle requires 
_one microcycle. 
_ The sequence of events for an external processor write cycle is: 
1. The CS<1:0> lines are asserted as required and the CS2 line is sustained at high level. 
2. The WR signal is asserted. 
3. The EPS signal is asserted to indicate that an external processor bus cycle is in process and to 
qualify the CS <2:0> lines. 
4. The CPU drives the information onto the DAL bus. 
5. The EPS signal is deasserted and the external processor reads the infromation to the bus cycle. 


MICROCYCLE — 
T1 




















Figure 34 » MicroVAX 78032 External Processor Write Cycle Timing Sequence 


- Memory Access Protocol 


The 28-bit address provided by the MicroVAX 78032 on DAL<29:02> is a longword address that 
uniquely identifies one of up to 268,435,456 32-bit memory locations. The chip provides four-byte 
masks, BM<3:0>, to select byte accesses within the 32-bit memory locations. No restrictions 
exist on data alignment. The data may start at any memory address except for the aligned operands 
of ADAW]I instruction and the interlocked queue instructions. 

The memory consists of four parallel 8-bit banks, each of which receive the longword address on 
the DAL<29:02> lines in parallel. Each bank reads or writes one byte of the data bus 
(DAL< 31:00>), when its byte mask signal is asserted as shown in Figure 35. 
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CPU read or write operations are grouped into one of the following categories—byte access, word 
access within a longword, word access across longwords, aligned longword access, and unaligned 
longword access. Quadword accesses are treated as two successive longword accesses, with no 
optimization. Byte accesses, word accesses within a longword, and aligned longword accesses 
require one bus cycle. Unaligned longword accesses and word accesses that cross a Pens 
boundary require two bus oe 





- DAL<31:24> DAL<23:16> DAL<15:08> DAL<07:00> 


Figure 35 = MicroVAX 78032 Memory Organization 


Eviernal Procesade Protocole 


External processor protocols allow the MicroVAX 78032 to communicate efficiently with one or 
more external processors. Two external processor protocols exist—one for communicating with the 
optional floating-point unit and the second for communicating with processor register logic. 


Floating-Point Unit Protocols 
The optional floating-point unit (FPU) is controlled by the CPU. When the CPU receives a floating- 
point instruction, it passes the opcode and operands to the FPU for processing. The CPU waits for 
the FPU to complete the operation and then requests status information and the processing results. 
The FPU protocol is as follows: 


1. Command transfer—The CPU peifarins” a an external processor write cycle to transmit a 
command to the FPU. During this cycle, the CS<1:0> contains 00 indicating a FPU command 
and the opcode of the floating-point instruction is placed on the DAL< 08:00 > lines. 

2. Operand transfer—The VAX opcode determines the number and data type of operands to be 
transferred from the CPU to the FPU. The CPU performs one or more external processor write 
cycles to transfer the operands. During these cycles, the CS < 1:0> lines are equal to 01 (data 
transfer), and the DAL< 31:00 > lines contain the data to be transferred. 
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3. Operand processing— While the FPU is processing the operands, the CPU checks to determine 
where the operation is completed by executing external processor response enable cycles.. 

4. Status transfer— When the FPU has finished processing the operands, it responds to the next 
external processor response enable cycle by placing status information on the DAL<05:00> 
lines and by driving the CS2 bus low. The CPU responds to the CS2 low signal by Sa the 
status information on the DAL<05:00> lines. 


. Result transfer—After reading the status code, the CPU may initiate one or more eer 
processor read cycles to transfer the result operand(s). During these cycles, the CS < 1:0> lines 
are equal to 01 (data transfer), and the DAL< 31:00> lines contain the data to be transferred. 
The VAX opcode determines the number and data type of the operand(s) to be transferred from 
the FPU to the CPU. 


Wi 


Register Protocols. 

The external processor register protocol permits the external logic to implement processor register 

functions that are a part of the MicroVAX architecture but are not implemented in the hardware of 

the MicroVAX 78032. Refer to Table 16 for the processor registers implemented by the MicroVAX 

78032. The following CPU protocols are used with a move from processor register (MFPR) or move 

to processor register (MTPR) instruction to access a register not contained in the CPU. 

Read from processor register—The read from processor sequence is shown in Figure 36. This 

sequence is performed when an MFPR instruction is used to read data from processor registers 25 

through 39, 48 through 55, or 59 through 61. The protocol is as follows: 

1. The CPU initiates an external processor write cycle to specify the register number. During this 
cycle, the CS<1:0> lines equal 10 to indicate to a non-FPU command, the DAL<31> lines 
equal 1 (read register), and the DAL<05:00> lines contain the register number specified by the 
MFPR instruction. _ 

2. The CPU waits one cycle and then executes an external processor response cycle to read 
the register data. If the CS2 line is driven low by the external logic, the data on the 
DAL < 31:00> lines is the result of the MFPR instruction. If the CS2 line is high, the CPU 
returns zero as the result. 





t a EXTERNAL PROCESSOR NON-FPU 


© NO-OP | + EXTERNAL PROCESSOR READ/RESPONSE CYCLE 
fore COMMAND CYCLE i I 


Figure 36 « MicroVAX 78032 Read from Processor Register Timing Sequence 
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Write to processor register—The write to processor register sequence is shown in Figure 37. This 
sequence is performed when an MTPR instruction is used to write data to processor registers 25 
_ through 39, 48 through 55, or 59 through 61. The protocol is as follows: 


1. The CPU initiates an external processor write cycle to specify the register number. During this 
cycle, the CS<1:0> lines equal 10 indicating a non-FPU command, the DAL31 lines equal 
O (write register), and the DAL<05:00> lines contain the eset number specified by the 
MTPR instruction. 


2. The CPU executes an external processor write cycle to write the register data. During thiscycle, 
the CS < 1:0 > lines equal 01 (write data), and the DAL < 31:00> lines contain the data sages 
in the MTPR instruction. _ 


3. The next cycle is not an external processor cycle. 


| MICROCYCLE . MICROCYCLE 


CLKO 


DAL<31:00>" 


Ccs<1:0> 


CS<2>° 





EXTERNAL PROCESSOR NON-FPU 


EXTERNAL PROCESSOR WRITE CYCLE | 
| COMMAND CYCLE 

I 

| 


Figure 37 » MicroVAX 78032 Write to Processor Register Timing Sequence 


dc Electrical Characteristics 
The dc electrical characteristics of the MicroVAX 78032 for the operating ore and temperature 
ranges specified are listed in Table 17. 
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‘Table 17 - MicroVAX 78032 dc Input and Output Parameters 


Parameter | Symbol Requirements Units — Test Condition 
| min max 

High-level input voltage — Vin 2.0 V 

~ Low-level input voltage Vi 0.8 V 
High-level output voltage Vin 2.4 — V Ion = —400 pA 
Low-level output voltage Voi 0.4 . V | Ip, = 2.0mA 
High-level output | 
voltage (EPS only) | 26° — Vv lox = — 100 pA 
Low-level output 
voltage (EPS only) Nag — 0.2 V Io. = 1.0mA 
Input leakage 
current (CS2)! | — 5.2 mA Vin = 0.4V 
Input leakage current Le -10 #10 pA 0.4 < Vin < Voip 
Output leakage current | -10 10 pA 0.4 < Vn < Vip 
Active supply current Ls — 700 mA Iour = 0, Ty = OC 
Input capacitance Cy oe 8.0 pF 
Output capacitance Cour — 8.0 pF 
Note: 


‘When C82 is sustained high by the CPU the maximum sustainer current (I,) is 3.2 mA. 


ac Electrical Characteristics 

The input and output signal timing parameters for the MicroVAX 78032 is shown in Figures 38 

through 43. 

The following notes apply to Figures 38 through 42 and their associated timing tables. 

1. Formulas for the timing parameters are stated in terms of the CLKI period. CLKI 
period = tap =P. | 

2. All times are in nanoseconds except where noted. 

3, The ac characteristics are measured with a purely capacitive load of 100 pF. Times are valid for 
loads of up to 100 pF on all pins. 


4. ac high levels are measured at 2.0 volts and ac low levels at 0.8 volts except for the EPS and TEST 
signals. . | 

5. Anac high level for the EPS and TEST signals are measured at 2.2 volts and an ac low level at 0.6 
volts. 

6. S=the number of microcycles slipped during a bus cycle. 

7. The sampling window is used to sample the following asynchronous signals: RDY, ERR, and 
DMR. The RDY and ERR signals are qualified when AS is asserted. The DMR signal is qualified 
by the AS signal being deasserted. The effect of these signals on the current bus cycle is as 
follows: 
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* The bus cycle will conclude at the end of the current microcycle if the RDY Y signal is asserted and 
the ERR ERR signal i is not asserted throughout the sampling window while the AS S signal is asserted. 


" If the ERR ree is asserted throughout the sampling window while the AS signal is asserted, the 
current microcycle becomes an extension cycle and the bus cycle ends after the next microcycle. 


* If the RDY or ERR signals go through a transition sharing the sampling window while the AS 
signal is asserted, the result is indeterminate. | 





" The DMR signal is sampled at every maeeselé boundary. 


: If the DMR signal is asserted throughout the sampling window and the AS signal is not asserted, 
and the CPU has not locked the bus, the next microcycle will be the beginning of a DMA cycle. 


* The first microcycle after the end of the current bus cycle will begin a DMA cycle if the DMR 


signal is asserted throughout the sampling window, the AS signal is asserted, and the CPU has not 
locked the bus. be as 


" A DMA cycle concludes at the end of the current microcycle if the DMR signal, is deasserted 
throughout the sampling window. 


8. There are no internal pull-up circuits on the IRO<3:0> , PW R FL, INTTIM, and HALT lines. 





Specifications 


The mechanical, electrical, and environmental characteristics a  specificatione for the MicroVAX 
78032 are described in the following paragraphs. The test conditions for the electrical values are as 
follows unless specified otherwise. 


= Operating temperature (T,): 70°C 
= Ground reference (V,;): 0 V 
« Supply voltage (Vpn): 4.75 Vo 





Mechanical Configuration 
The physical dimensions of the MicroVAX 78032 6pin cerguad package are ¢ contained i in 
Appendix E. 


Absolute Maximum Ratings La 

Stresses greater than the absolute maximum ratings may cause permanent damage to the devize. 
Exposure to the absolute maximum ratings. for extended Betiods may adversely affect the 
reliability of the device. | 


« Supply voltage (Vpp): -0.5 Vi to 7. 0 V 

- Input or output voltage applied: -0.5 V to 7.0 V 
= Active temperature (T,): 0°C to 70°C 

« Storage temperature (Tj): -55°C to 125°C 


« Power dissipation: 3.5 watts (maximum) 
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Recommended Operating Conditions 





« Supply voltage. (Yoo): 4.75 Vto5.25V 





- Active supply current: (Ipp):.700 mA (maximum 

- Temperature (T,): 0°C to 60°C : 

« Relative humidity: 10% to 95% (noncondensing) 

* Minimum airflow over chip: 250 linear feet/minute 


Clock Input Timing | | 
Figure 38 shows the timing specifications for the CLKI input clock signal and Table 18 lists the 
timing parameters indicated on the diagram. __ | 


tClH—>F —— tcp 3 


tciR 
tCiF —> —tCiL 


Figure 38 » MicroVAX 78032 CLK1 Timing Waveform : 


Table 18 » MicroVAX 78032 CLKI Timing Parameters 


Timing Symbol Signal Definition Requirements (ns) — 
tei Clock in fall time | — 4.5 | 
tom Clock in high 8 = a 
tut” | Clock inlow aes | — 
tow Clock period 25 50 
tom _ Clock in rise time a AS 
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CPU Read and Write Cycle Timing 
Figure 39 shows the timing sequence for the CPU read cycle and Figure 40 shows the timing 


sequence for the CPU write cycle. The parameters for the CPU read and write cycles are listed 1 in 
Take hs ae ey | | 


3 
et 
re 
a 








Figure 39 = MicroVAX 78032 CPU Read Cycle Timing Sequence 
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Figure 40 = MicroVAX 78032 CPU Write Cycle Timing Sequence — 
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tasa 
tasuc 


Castc 


tasps 


taspr 
taspso 
taspz 


tices 


Address set up time to AS assertion 
_ Address hold time after AS AS assertion 


AS falling through 0.8 V to 
_ CLKO rising through 0.8 V 


__ AS assertion to DBE and DS (read) assertion = ss 3P-150— 35 P+20 


AS rising through 2.0 V to CLKO rising through .8V PH 





AS assertion to readdata valid’ = ss POE od oe bt op RF 3OF EPS 


_ AS assertion to DS assertion (write) _ sh esith neath, EPEC sseyl taeqgong O20 


AS and DBE deassertion to data sEise sins EE pec ese ings POO 





tastw 


AS assertion to beginning ee 
-RDY, ERR, and DMR nae Cn , 


AS aacztiop wi ich, Soe ne rrenon = DP- 15+8PS_ ae 
(—  (6P-45)+8PS 





AS assertion to end of RDY, eee 6P+10+8PS. | ne 


ERR, and DMR sampling window’ _ 


WR, BM<3:0>,CS<2:0> hold wet 1S wei BE RO. shes leer 


_ time from AS deassertion 


BM <3:0> oct up time before AS assertion RT fo ier 2 ee 





tows 


CLKO rising through 2.0 V to AS rising through0.8V P-7 ~~ *~P+15 
CLKO rising through 2.0 V to AS falling through 2.0 VV P-9 P+16 
CLKO rising through 2.0 V to read data valid _ P-5 
Write data hold time from CLKO rising through 2.0V P-15 = 
CLKO fall time | — 12.5 
CLKO high (2P-25)x.5  — 
CLKO low (2P-25)x.5 — 
CLKO period 50 100 
CLKO rise time ~ 12.5 


T4 CLKO rising through 2.0 V to beginning of — 3P-45 
RDY, ERR, and DMR sampling window’ 


T4 CLKO rising through 0.8 V to end of 3P+15 — 
RDY, ERR, and DMR sampling window’ 
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Notes: 7 
' Read data is valid early pean if taspr OF tpsp: OF tepy iS watisfied” 
* Requirements for the beginning of the sampling eseni are satisfied if either tisws OF tows iS 


satisfied. 


, Requirements for the aa of the wruages window ai are satisfied if either taswe or tow is satisfied. 
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DBE assertion width 


Write data set-up time to CLKO rising through 0. 8 N- 


Write data set-up time to DS assertion 


DS deassertion to AS and DBE deassertion | 


_ Read data hold time after DS deassertion _ 
~ BS assertion to read data valid! | 
_ Write data hold time from DS deassertion 
DS deassertion to read data high impedence 


DS deassertion width 


_ DS assertion width (read) 


DS assertion width (write) 
Sampling window end to read data valid 


WR, CS<2:0> set t up time before 
AS assertion : 
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min 
9P-20+ 8PS 
3P-42 
3P-30 


 P-15_ 
0 


3P-20 


~6P 
—8P-20+8PS 


6P-20+8PS 


—-3P-35 


max 


mene 


spamismesaat 2 


8P-35+8PS 


3P_-20 


Snes omer aH eet UNG eee cnt RENAN 





Direct Memory Access Cycle Timing | | 
Figure 41 shows the timing sequence for direct memory accéss ; (DMA) transfers and Table 20 lists 
arameters for the symbols referenced on the diagram. | 





‘6ic 


— = ae eet : | 
DMA tcoMR—* | 
Lome, ee 
3 een, | | 

—— 

4 

nl 

— 

——| 

a 

a 





TDMRH 


. : 
: Fas leg 7 : ab i - ; aes * é 
| 
seed ee bn SS ee spon Be BN, mn i r ee ee ee re : wha tet a6 i ri : seis fui 
J ; ¢ yg % | is vib gli fe, 
tgDALz 
F 





 DAL<31:00> 


al 


al 


8M<3:0>, 
c$<2:0> 
wr 


Figure 41 » DMA Timing Sequence Ray 
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| Table 20° MicroVAX 78032 DMA Cycle Timing Parameters. j | 
Timing Signal Definition = | ‘Requirements (ns) _ 


Symbol min max 
tisc AS and DBE deassertion to DMG assertion 4P-25 — 
fos CLKO rising through 2.0 V to _.P-7 | P+ 16 
DMG rising through 0.8 V a a | 
tear CLKO rising through 2.0 V to —  P-7 P+18 
DMG falling through 2.0v | | a 
toc DMR to DMG latency 10P-25 60P + 20+ 16PS 
tourcu DMR to DMG latency with 10P-25 28P +20+8PS 
bus unlocked , 
tomes DMR hold with respect to 0 — 
DMG assertion | 
tcparz DMG deassertion to external a. § _— ~  4P-20 
device three-state of DALS. 
tee DMG assertion to DMR deassertion . sa | _— 6P-—45 + 
such that no more DMA cycles are . ((N-2) x 8P)! 
requested - 
tes DMG rising through2.0Vto _ P-25 — 
CLKO rising through 0.8 V 
tes DMG falling through 0.8 V to P-23 o— 
CLKO rising through 0.8 V 
tas DMG minimum assertion width 10P-25 + an 
((N-2) x 8P)! 
(45 DMG assertion to three-state -10 0 
of AS, DS, DBE, WR. CS<2:0> 
and BM <3:0> 
tos DMG deassertion to external 3P-20? 


device of three-state of AS, DS, 
DBE, WR, CS<2:0> <3:0>and BM <3:0> 


Notes: 

1 The number of microcyles that occur during a DMA grant. A DMA grant is issued for a minimum 
of two microcycles. 

? At the conclusion of a DMA grant the external logic must deassert the AS, DS, and DBE signals 
before the external bus drivers become a high impedance. 


External Processor Cycle Timing 


Figure 42 shows the timing sequence for the external processor read and response timing and for 


the external processor write command timing. Table 21 lists the timing parameters for the symbols 
referenced on the diagrams. 
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DAL<31:00> 





-TEPF- ey tom 


ie ——tepz —+| 
— TEPLWI (MAX): ocr 


~tEPLWI (MIN) 








‘WREP —tEPwR 


= 
Bs) 


8 
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-CS<1:0> 


CLKO 


DAL<31:00> 






‘DOEPH - 
——> tEPLWO (MAX) 


‘EPS —*EPLWO (MIN). 


tWREP 


= 
Ss) 





CS<2:0> ep : > (| 


External Processor Write/Command Timing 


Figure 42 » MicroVAX 78032 External Processor Cycle Timing Sequence 
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. Table 21  MicroVAX 78032 External Processor Cycle Timing Parameters 





Timing SignalDefintion = Reuters 
Symbol _ sf nn ll Min. Max. 
tcep CLKO falling through 0.8 V to EPS falling through 2.2V | P-5 P+19 
tporpey | Write data valid set up time to EPS deassertion _ ~2P-35 

titer EPS assertion to external processor assertion of CS <2> 0 3P-40 
tepcsz EPS deassertion to CS <2> three- je by external processor 0 2P-20 
tests EPS assertion to read data valid 7 | 4P-40 
ter  EPSfalltimefrom22Vto06V = |... O 10 
tepHpo . Write data hold time from EPS deassertion eas oe 2P-25 

turtc EPS falling through 0.6 V to CLKO falling through 20V  ——— P-25 

terw: EPS assertion width (read) BO a 4P-20 4P+20 
toswo EPS assertion width (write) oo a 5P-20 5P+20 — 
tices | WR and CS<1:0> hold time from EPS EPS deassertion vo P-20 

ts, EPS deassertion to read data three-state - 3P-20 
twreer 4 WRandCS<1:0> set up time before EPS assertion. 2P-35 

Reset Timing | 


Figure 43 shows the timing sequence for the reset function of the processor and Table 22 lists the 
timing parameters for the symbols referenced on the diagram. 7 | 





pie 
DAL <31:00> 
CS<2:0> UNKNOWN = 
RESGH fc aes ee 


7 4 


tResH— 






UNKNOWN 


Figure 43 « MicroVAX 78032 Reset Timing Sequence 
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Table 22 » MicroVAX 78032 Reset Timing Parameters 


Timing Signal Definition Requirements (ns) 

Symbol min max 

tins RESET deassertion to first CLKO pulse if RESET 3P+10 3P+85 
is deasserted synchronously 

tense Number of CLKO periods from RESET deassertion 32 periods — 
until first DAL activity 

terscH 4 RESET assertion to DMG, EPS deassertion! — 150 

oe RESET assertion to AS, DS, DBE, WR deassertion? son 1.0 ps 

truce RESET assertion width after Vpp = 4.75 V 3.0 ms _ 

tresws  _RESET assertion width if Vpp has already been at 4.75 V 3.0 ps a 
for 3 ms when RESET is asserted 

teens RESET assertion to DAL<31:00>, BM<3:0>, 100 
CS <2:0> high impedence’ 

Notes: ? 


1 When the RESET level is asserted, the DMG and EPS signals become high and remain high. 

? When RESET is asserted, AS, DS, DBE and WR outputs become a high impedance state and the 
levels become high by low current internal pull-ups. 

> When the RESET level is asserted the BM<3:0> lines and CS<2:0> lines become high- 
impedance. 


- Mechanical Specifications 


The dimensions of the MicroVAX 78032 68-pin cerquad surface and socket mount packages are 
shown Appendix E. 
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- Features" 


: High performance - 7 | so 
—Accelerates by 50 times the execution of MicroVAX Red hota is instructions 


—Accelerates by two times the execution of MicroVAX i integer saab _ divide 
« Subset (70 instructions) of the VAX Posting fois instruction set I a 


- Operates with standard VAX integer data types 
—byte, word, longword, and quadword 


Operates with standard VAX floating-point data types 





—single-precision (F_floating) | 
—double-precision (D_floating) _ 
—extended range double-precision (G_ floating) _ 
: Arithmetic error checking.and reporting | 

: High-speed ZMOS technology _ 


= Single 5 Vide power supply 


. Description 


The MicroVAX 78132 Floating-Point Unit (FPU), contained in a 68-pin enn serial is ahigh- | 
performance cooperative processor that extends the data paths of the MicroVAX 78032 central 
processing unit (CPU). Its primary function is to exect te MicroVAX floating-point i instructions to 
eliminate the emulation of floating-point instructions in software. Figure li is a general block 
diagram of the MicroVAX 78132 FPU. 





CLKI RESET 


| crocks | 











EXPONENT 
DATAPATH [CO 





FRACTION | 
TROL 


q 

a | 
! | = 
0 heeik: & | | | 
sea " MAINSEQUENCER | 
im (200 X 35) | 
| INSTRUCTION | 

DECODE 


INTERFACE CONTROL 
i | 
CS2 cS1 CSO WR EPS 


Figure 1+ MicroVAX 78132 General Block Diagram 
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. The MicroVAX FPU handles the F_floating (single-precision), D_floating (double-precision), and — 
G_ floating (extended range double-precision) VAX floating-point data.types. It supports several 
VAX floating-point operations, including floating-point add, subtract, multiply, divide, and 
convert. 

The MicroVAX FPU also accelerates the execution of integer multiply and divide operations. The 
FPU supports signed integer multiply and unsigned integer divide operations. 


- Pin and Signal Descriptions 


This section provides a brief description of the input and output signals and power and ground 
connections of the MicroVAX 78132 68-pin package. The pin assignments are identified in Figure 2 
and the signals are summarized in Table 1. 


DALOO CS2 csO EPS vSS NC vcc VCC NC 
| nc | csi | WR | vss | NC | NC | vec | veB 











f 60 59 58 57 56 55 54 53 52 51 50 49 48 47 46. 45 44 












DALO1 — 61 v Seis 
DALO2 —j 62 a4 pAL30 
DAO3 —4 638 i a | sass 
DALO4 64 5601 paL2e 
DALOS 65 | | 39 DAL27 
DALO6 —| 66 : . ! a6. DALZ6 
DALO7: 67 “i se 85 7 37 -DAL25 
vcc 68 | aerex ae 78132 | | 36 | DAL24 
pee ck [ Pon any UNIT i es ee 
vss 2 | 1 44 ieee 
DALOS 3 | | 33 VSS: 
DALOS 4 | | 32 DAL23 
DAL10 5 : | 31 DAL22 
DAL11 6 , 30 DAL21 
DAL12 7 Loi-~—~~--~--—--- I 29 DAL20 
DAL13 8 28 DAL19 
DAL14 ° 9 27 | DAL18 





10 11°12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 


| vec | vec | NC | vss | NC | nc | vss | paLt6 
‘DALIS vcC  CLKI RESET VSS NC. NC VSS_ DALI? 


| Figure 2 : MicroVAX 78132 Pin Assignments : 
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Table 1 « MicroVAX 78132 Pin and Signal Summary _ 





Pin me i Signal ye Input/Output Definition/Function . 


43-36, ~DAL<31:00> input/output Data/address lines—Transfers data, ‘status, and 
32-25, control information between the FPU and CPU. 


57-56  ==CS<1:0> input Control status’ <1:0>—Indicates the type of 
ge re wise & | ~~ information being: transferred to or from the FPU 
(commands, data, or response enable). Valid 
when EPS is asserted. 


58 C82 — output » Control status 2—Asserted during. 





gan excel 
_ processor: response enable bus cycle when the 
_ FPU has completed the commanded operation. 


55 WR input 2 wins from the MicroVAX CPU that indi- 






7 cates dat ra fl 


54 EPS —”—s input ——~séE ternal proc ge Tesi Mae by the 
MicroVAX CPU to qualify all communication 
between the FPU and CPU. 





16 _ RESET input | Reset—Asserted by external logic to resyn- 
| 7 _. +. chronize-the FPU with the CPU. 


14 CLKI input Clock anes 52 





| F sic clock timing input. to. the 
FPU. Has the same frequency as the MicroVAX 
_ CPU clock (CLKT) input. 








= a piste ae a : ‘ Back bias sera 





11-13,46-48, Veo input cece Voltage—Power supply dc voltage thet 
1,2,17,18, Vss — input Ground—Common ground reference 
23,24,33,34, : : . i. 

52,53 

15,19-22, NC No connection—All unused pins should be left 
OP cid op ae oh i eeoatins apd pot pulled up ot grpunded.—.: 





Data and Address Bus | 

Data and address bus (DAL < 31:00 > )—The data and address bus is a time-multiplexed bidirec- 
tional bus that transfers address, data, status, and control information between the FPU.and the 
GPU. The MicroVAX CPU is always the bus master and communicates with the FPU according to 
the protocol outlined in the ‘““CPU/FPU General Protocol’’ discussion. 
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Bus Control : 

External processor strobe (EPS) —_"The EPS BS signal is used to initiate all CPU/FPU bus — that are 
external processor bus cycles. It indicates to the FPU that the information on the CS < 1:0> and 
WR lines is valid. Refer to the “Bus Cycles Description” discussion for more information on GPU | 
FPU bus cycles. 


For reset operations, the FPU uses the first assertion of the EPS cycle following the assertion P the 
RESET signal to synchronize itself with the CPU. : 
Write (WR)—The WR signal is an input from the MicroVAX CPU that specifies the direction of 
data flow between the CPU and FPU on the DAL< 31:00> lines. When WR is asserted, data is 
being transferred from the CPU to the FPU. 


System Control 7 
Reset (RESET)—External logic asserts the RESET sig to ae the FPU and the 
MicroVAX CPU. The assertion of RESET causes the CPU to perform a number of EPS cycles. The 
first external processor (EPS) cycle synchronizes the FPU and CPU. The un EPS cycles are 
used to verify the presence of the FPU in the system. 


Control Status (CS < 2:0 > )—The CS lines provide status information about ee current bus = 
The CS < 1:0> lines are inputs to the FPU that specify the type of information being transferred. 
CS<1:0> are valid inputs only when the EPS signal is asserted. The WR signal further qualifies 
the type of bus cycle, as summarized in Table 2. Refer to the “Bus Cycle Descriptions” section for 
more information on the types of bus cycles. 


Table 2 = MicroVAX 78132 Bus Cycle Types 


CSline Write (WR) Bus Cycle Type 

1 2g) a. 

0 0 0 External processor command write _ 
0 0. 1 External processor data read 

0 1 0 External processor data write 

1 0 0 _ Non-FPU command write 

1 1 1 External processor response enable 


CS2 is an open-drain output that is asserted when the current bus cycle is an external processor 
response enable cycle and the FPU gas completed the current commanded operation. 


Clock Signal — 
Clock In (CLK1)—This deli is ‘ise bans timing input provided to ak the FPU and CPU from an 
external clock source. 
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Power Supply Connections 

Power (V.)—These inputs are used to supply 5 Vde power to the FPU. 

Ground (V,,)—These i inputs are used as a ground reference for the chip. 

Back-Bias Generator (V,,)—This is a back-bias voltage that is either bypassed to ground with a 


capacitor (typically 0.01 pF) or attached to a back-bias supply typically -2.5 volt + 10% at 10 
mA). 


- Architecture Summary 


The MicroVAX 78132 FPU architecture, shown in Figure 3, consists of three separate processors—a 
1-bit sign processor, a 13-bit exponent processor, and a 67-bit fraction processor. The extra bits in 
the fraction data path accommodate extended p: ions such as EMODx..A micro- 
sequencer containing 200 35-bit control words controls‘< ae ion of the three processors. Data 
enters and leaves the FPU through the I 1/0. O buffer. Con rol ormai ion passes to > and. from the FPU 
through the interface control logic. 


The following paragraphs describe the FPU U archi 







accessible. to the user. 


, 





CURE RESET 









EXPONENTRAM [| EXPONENT 
3 LOCATIONS AND DATA PATH | 






& REGISTER 


WF 








32-81T INTERNAL BUS 


ee ed = a 
| 
STATUS Fi 


INTERFACE CONTROL 


cS2 «cS! «cso. OCOFPS: OWA 


Figure 3 « MicroVAX 78132 Detailed Block Diagram 
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Visible State 
The MicroVAX FPU does not contain user-accessible internal registers or eae bits. The MictoVAX s 
CPU contains the floating-point general registers and condition codes. Commands sent from the 
CPU to the FPU determine the operational modes (round, c or truncate) and the data types (for 
example, F_floating or D_floating). sa . 


Exception Detection and Reporting 
Table 3 lists the exceptions that the MicroVAX FPU detects and reports. 


Table 3» MicroVAX 78132 2 Reported Exceptions 





Condition : - | ~ Result Returned to CPU 


Reserved operand Unpredictable—CPU daconditionally faults 
Integer overflow Low order 8, 16, or 32 bits of the true result 
Floating overflow | Unpredictable—CPU unconditionally faults 
Floating underflow Floating zero 

Floating divide by zero =———Orriginal quotient 


Unimplemented i instruction — ~ Unpredictable— ‘command not valid” exception 


The exceptions associated with specific MicroVAX FPU instructions ; are eta in the following 
paragraphs. | 


Data ‘Types , 

The MicroVAX FPU handles seven data types—byte, aa “theword ga F_floating, 
D_floating, and G_floating. Figure 4 illustrates the data type formats. For a summary of the data 
types associated with specific MicroVAX FPU instructions, refer to appropnists instruction 
cucuisinas that follow. } | 
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WORD 


LONGWORD . - 


QUADWORD 


F__FLOATING 


D_FLOATING 


G_FLOATING . 


LENGTH 


BBITS 


16 BITS 


_ 32BITS. 


64 BITS 
‘32 BITS - 


64BITS 


64 BITS 


USE 


SIGNEDOR == le 
UNSIGNED INTEGER — 


SIGNED OR 
UNSIGNED INTEGER 


ve, UNSIGNED INTEGER =| 


SIGNE 


FLOATING POINT © 


FLOATING POINT 


FLOATING POINT 5 








DOR |. | 
“UNSIGNED INTEGER) | 


. BRACTION. 





FRACTION 










FRACTION 





63 BOs gg 


MicroVAX 78132 Data Types ~ 


age’ 
if kG 
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- MicroVAX 78132 FPU Instruction Set 


The MicroVAX 78132 FPU instruction set consists of floating-point instructions, integer multipli- 
cation instructions, and integer division instructions. Refet to Appendix A for a summary listing of 
the FPU instruction set. 


Floating-Point Instructions 

The FPU opcode is a nine-bit code for an FPU instruction derived from the opcode of the original 
instruction fetched by the MicroVAX CPU. The opcode for a G_floating instruction is the original 
instruction preceded by a 1. The opcode for an instruction that is not of extended range 
(G_floating) is the original instruction preceded by a 0. 


The MOV, MNEG, and TST floating-point instructions are marked with an asterisk to indicate that 
they are implemented entirely within the MicroVAX CPU. In a system without an FPU, the CPU 
performs:a reserved operand fault if an attempt is made to execute these instructions. 


The MicroVAX FPU treats a two-operand instruction the same way it treats the corresponding 
three-operand instruction. The MicroVAX CPU handles the differences in processing these 
instructions. 


The POLY instruction is implemented as a continuous, interruptible instruction. The MicroVAX 
FPU assists the CPU by performing floating-point addition and multiplication operations. After 
each step of the polynomial calculation, an intermediate result is returned to the MicroVAX CPU 
and a new coefficient is passed to the FPU. (No new command is issued to process this coefficient 
during normal operation.) A new intermediate result is then computed. If the CPU is interrupted, it 
can restart the POLY instruction by reissuing the POLY command and sending the most recent 
intermediate result, the argument, and the current coefficient. 


Integer Multiplication Instructions 

The MicroVAX FPU can perform signed integer multiplication. The MicroVAX CPU uses this 
capability to accelerate the execution speed of the following instructions. Refer to Appendix A for 
the format and exceptions of the signed integer instructions executed by the MicroVAX FPU. 


Opcode _Instruction 


7A EMUL (Extended multiply) 
OA INDEX (Index calculation) 
C4 MULL2 (Multiply long 2-operand 
C5 MULL3 (Multiply long 3-operand) 


During MicroVAX FPU integer multiplication 
¢ The FPU performs a 32 by 32-bit signed multiplication. 
* The FPU in all cases returns a 64-bit result. 


= The exception code is zero and the condition codes are unpredictable. 


Integer Division Instructions 

The MicroVAX FPU can perform unsigned integer division. The MicroVAX CPU uses this 
capability to accelerate the execution speed of the following instructions. Refer to Appendix A for 
the format and exceptions of the unsigned integer division instructions executed by the MicroVAX 
CPU. 
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pcode _ Instruction 
C6 —__—sCD'IVL2 (Divide long S-gpereind) 
C7 ~—_—_sC&DSIVL33 (Divide long 3-operand) 
7B ~ EDIV (Extended divide) 


During MicroVAX FPU integer division- | 
- A 64-bit dividend i is divided by a 32- bit divisor. ee | 
- The operands are unsigned. cee 





: The operands are guaranteed not to cause an brings overflow. ¢ , 
condition before activating the FPU.) : ope 


a The FPU returns be coi result and a Sati remainder. 


e MicroVAX CPU. checks: this 











The MicroVAX 78132 FPU i is es ate) asa | coprocessor fee the. MicroVAX 78032 CPU. Thensore, 
all interfacing considerations are made with respect to the MicroVAX.CPU. The FPU/CPU 
interface—including bus cycles, the FPU/CPU protocol, and ¢ a OE ical TENCHU A interconnection 
scheme—is described i in the following paragré phs. gewaeer or 4s 









Bus Cycle Desc oe ylodd aot are oO TE 2h wie: 
The MicroVAX FPU recognizes five types of bus ciel eee processor commarid write, 
external processor data read, external processor data write, non-FPU:.command write, and external 
processor response enable. The following paragraphs briefly describe these bus cycles. Refer to the 
“MicroVAX 78032 32-bit Central Processor Unit” se ction | for the eo a MicroVAX CPU 
bus cycles. Figures 9 and 10 are detaile d bus-cycle diagrams. 

External Processor Command Write—An external processor aaa write cycle i is performed 
when the CPU has a command (typically an instruction opcode) for the FPU to réad and « execute. 
This type of cycle lasts four clock (CLKO) periods. or one microcycle. The sequence of events is | 


- The CPU drives cycle-status information on "Tines CS< 1:0 > (cs< 1:0>-= =00 for this ty type of. 
cycle), drives the command on the DAL < 31:00 > bus, and asserts the EPS EPS and WR signals. on 


- The FPU reads the opcode nthe DAL. peng RS 
* The CPU deasserts the EPS at and WR WR signals, and die = ends. ee 





















ssor dat < sole is pe sfoutied when ra FPU | 
L te bonis slooli periods The sequence of events is 





ve data for the C CPU to process: :. This type of cycle. 


: The CPU drives cycle-status information on lines CS<1:0> (CS<1:0>=01 for this type of 
cycle) and asserts the EPS signal. The WR signal is not asserted because this is not a write cycle. 


« The FPU responds by driving the DAL < 31:00> bus with data.. 
« The CPU reads the data. 


« The CPU deasserts the EPS signal, aaa the a eal. | 
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External processor data write—An external processor data write cycle is performed when the CPU | 
has data to write to the FPU. This type of cycle lasts four clock periods. The sequence of events is 





= The CPU drives cycle-status information on lines CS <1: o> (cs <1: 0>= 01 for this type of 
cycle) and asserts the EPS and WR signals. 





: The CPU drives the data on the DAL < 31:00> bus and deasserts the EPS a WR R lines. 





: The FPU responds to the deassertion of the EPS signal by reading the data on the DAL< 31: 00 > 
bus, and the cycle ends... 





Non-FPU command write—A non-FPU command write cycle is performed when the CPU has an 
instruction or command for a processing unit other than the FPU. The sequence of events is 


- The CPU drives cycle-status information on lines CS< 1:0> (CS<1:0> =10 for this type of 
cycle) and asserts the EPS and WR signals. ee a 


- The FPU initializes itself, suspends its operation, and disables its outputs so that it cannot 
respond to an external processor data read cycle or an external processor response enable cycle 
until an external processor command write cycle for the FPU has been initiated. 


External processor response enable—An external processor response enable eyele 3 is performed 
when the CPU is ready to accept the result of some operation from the CPU. The sequence of events is 


- The CPU drives cycle-status information on lines CS<1:0> (CS<1:0>=11 for this type of 
cycle), asserts the EPS signal, and puts the CS2 line in the high-impedance state. The WR signal is 
not asserted because this is not a write cycle. : 


= When the FPU completes its current instruction, it ae status information on the DAL bus a : 
pulls line CS2 low. Bo . 


« The CPU reads the iifoenadon and deasserts the EPS ion to end the cycle. . 


CPU/FPU General Protocol | | 

The communication, protocol between the CPU and the. FRU is grouped | into fe. iene 
command transfer, operand transfer, operand processing, status transfer, and result transfer. The 
following paragraphs describe each transfer. _ pede | 


Command transfer—The CPU initiates an interaction with de FPU by performing an external 
processor command write cycle. The CPU drives a command (an instruction opcode) on the DAL’ 
bus, drives a status code on lines CS < 1:0>, and asserts the EPS and WR signals. 


Although the DAL< 31:00> bus is driven with a command (in this case an instruction opcode) 
during the external processor command write cycle, only DAL<08:00> is significant to the FPU. 
ee 5 shows the FPU command format and Table 4 describes the bit functions. 2 





Figure 5 « MicroVAX 7 8132 Command Format 


1-68 Confidential and Proprietary 









Table 4s ‘MicroVAX 78132 Co 


DAL Line Description | 
<31:09>  Notused 


<08:00> Contains che: opcode ort he instruction that — FPU is to execute or assist in 
| So i 





Operand PRONE. Oe instruction ao eaitios the eperiionts) to be. rently by the FPU 
and the number and data type of operands involved. The CPU fetches the required operand(s) and 
transfers them to the FPU by performing one or more external processor data write cycles. During 7 
these cycles, lines CS < 1:0> =01 and the DAL < 31:00> bus contains the transferred dataa 


The opcode of the instruction to be executed d mente the number and data Te of the operands + 





CPU to ihe FPU: 


tt = = ferred i in one external processor data write cycle. If 4 
the integer is a byte, it appears on DAL < 07:00> with leading zeroes on DAL < 31: 08 >. If the — 
integer is a word, it appears on DAL < 15:00 > with leading zeroes on DAL< 31:16>. 


- Integer operand—An i integer ‘operand is 





Floating-point operands—An F_floating operand i is transferred in one external processor data — 
write cycle. A D_floating or G_floating operand is transferred in two consecutive external » 
processor data write cycles; bits <31: 00 > ate transferred i the first a and bits i. 
<63:32> during the second. a 








* Multiple operands—In’ operations requiring two operands, the second Spread | is transferred | 
first. In operations requiring three or more operands, the order of operand transfer i is determined | 
by the instruction b sing ¢ executed. | 





= POLY instruction—Execution of the POLY. instruction. involves 2 an indeterminate number of ey 


calculate ie next int serrediate result. The F FPU c continues to achat coatfieienes and return results . 
until the CPU sends te FPU another command = 


Table 5 summarizes the order in which operands and results are transferred for all instructions 
recognized by the FPU. The table uses the following conventions: 


« An “x” in a mnemonic: indicates that the FPL processes the fwo-operand and nee operand 
versions of the instruction in exactly the same way 


~The “F nent o soli. the openads atau of « POI farincdn Ulicame thas di 
number of these ari and results saci on a the size of the coefficient table. - 7 


The MicroVAX FPU User's Guide provides complet descriptions of ‘the. operation, ‘these | 
instructions. bei eheicee ge Bae , | 
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VAX 


sens anatDRNTRmSRNeN 


FPU 


Mnemonic Opcode 
ACBD 06F 
ACBF 04F 
ACBG  14F 
ADDDx 060, 061 
ADDFx 040, 041 
ADDGx 140, 141 
CMPD 071 
CMPF 051 
CMPG 151 
CVTBD 06C 
CVTBF 04C 
CVTBG 14C 
CVTDB 068 
CVTDF 076 
CVTDL 06A 
CVTDW 069 
_CVTFB = 048 
CVTFD 056 
CVIFG 199 
CVIFL 04A 
CVTFW 049 
CVIGB 148 
CVIGF 133 
CVIGL 14A 
CVIGW 149 
CVTLD 06E 
CVTLF 04E 
CVTLG 14E 
CVTWD 06D 
CVTWF 04D 
CVTWG 14D 
CVTRDL 06B 
CVTRFL 04B 
CVTRGL 14B 
DIVDx. 066, 067 
DIVFx 046, 047 
DIVGx = 146, 147 
EMODD 074 
EMODF 054 © 
EMODG 154 
1-70 


-muirx.b muird 
~muirx.b 


muir.f 


muirx.w muir.g 
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Table 5 * MictoVAX78132 Operand 
First Second Third mee i 
Transfer Transfer Transfer Operation _ Result 1 _ 
limit.d add.d  index.d (index+add):limit (index.d[R]) 
limit.£ add.  index.f (index+add):limit (index.f[R]) 
limit.g add.g  index.g (index+add):limit (index.g[R]) 
add2.d addid — add1 + add2 sum.d[R] 
add2.f addlf — add1 + add2 sum.f[R] 
add2.g addilg — add1 + add2 sum.g[R] | 
src2.d srcld — stcl-src2 —_ 
src2.f srclf — srcl-sre2 —~ 
stc2.g srclg — srcl-sre2 _— 7 
stb — — flt cvrt d_float[E] 
stb — —_ flt.cvrt ©  £_float[E] 
stcb — — flt cvrt g_float[E] 
src.d — — int evrt byte[T] 
std — — fit change f_float[R] 
src.d — _ int cvrt ~ longword[T] 
sro.d°  — — int cvrt word[T] 
scc.f — — int cvrt — byte[T] _ 
src.f  -— fit change d_float[E] 
osr.f — — flt change - d_float[E] 
stc.f — ~~ int cvrt longword[T] 
stcf — _ int cvrt word[T] 
stc.g — — int cvrt _ byte[T] 
sc.g  — — flt change ~ £_float[R] 
stc.g  — ae int cvrt longword[T] 
steg = — — int cvrt — word[T] 
src]. — _ fit cvrt d_float[E] 
src] — — flt cvrt ~ £_float{R] - 
srcl — — flt cvrt ~ g_float[E] 
stc.w — — flt cvrt d_float[E] 
stc.w — — flt cvrt f_float[E] 
srcw os fit evrt g_float[E] 
sred — — mid int cvrt longword[R] 
srcef — — mid int cvrt longword[R] 
stc.g  — — mid int cvrt longword[R] 
divd.d divrd — divd/divr - quo.d[R] 
divd.f divrf — divd/divr quo.f[R] 
divd.g divrg — divd/divr quo.g[R] 


muld.d muir*(muir’muirx) int.! 
muld.f) muir*(muir’muirx) int.] 
muld.g muir*(muir’muirx) int.] 


Result 2 


fract.d{R] _ 
fract.f[R] 
fract.g[R] — 








VAX 
Mnemonic Opcode Transfer Transfer Transfer Grestian 


MULDx 
MULFx 
MULGx 
POLYD 
POLYF 

POLYG 


SUBDx 
SUBFx 
SUBGx 
EMUL 


FPU 


064, 065 


044, 045 


144, 145 


075 
055 
155 


062, 063 
042, 043 
142, 143 


O7A 


“First Second Third 


muir.d 
muir.f 
muir.g 


arg.d = int1.d 


~ arg.f intl.f 


arg.g int1. g 
sub.d 
sub.f 
sub.g 


min.d 
min.f 
min.g 


muirri muld. ri i 


muld.d — 
muld.f — 
muld.g — 


#coeff.d (arg*int1) + coett 
| feoeff.£ (arg*intl) + coeff 
#coeff.g (arg*int 1) +coeff 


nl 


=e 
Racal 





muir*muld 
muir* muld 
“muir*muld 


min-sub 
‘min-sub 
-min-sub — 





prod.d[R] 
prod.ffR] 
prod.g{R] 
#int2.d[R] 
-#int2.f[R] - 


- #int2.g(R] 


diff.d{R] 
diff.f[R] - 
diff. g[R] 


prod. wa[E 7) 


#int3.d[R] 
#int3.f[R] 
#int3.g[R] 


INDEX 00A (muir-ri) ‘size-ri  — 
MULLx 0C4,0C5 muir-ri muld.ri — 


DIVLx 0C6,0C7divrrl divd.rq — 
EDIV 07B divrrl divd.rq — 


indexout wolE] — 
prod.wqiE]  — 


muir* size 
muir*muld 
divd/divr 
divd/divr 





rem.wLE] 
rem.w[E] 


quo.w[E] 
quo.w[E] 


Note: The integer divide instructions require that the lower 7 of the dividend be transferred 
first, and then the upper 32-bits. 


Operand processing—After the CPU siecatoes i last snes it we performs external 
processor response enable cycles and waits for a response from the FPU. For each of these cycles, 
the CPU asserts the appropriate status code on lines CS< 1:0> (CS<1:0> =11) and asserts the 
EPS signal. 


FPU operand processing is s completely. invisible to the CPU al may not te altered by the user. 


Status transfer— When the FPU is ready to pass.a result to the CPU, it responds to the next external 
processor response enable cycle by asserting the CS2 d simultaneously driving status 
information onto the DAL:bus. The CPU responds to th assertion of the CS2 signal by performing 
one additional external processor sexponise ens oe d the CPU reads: ii FPU status 
information again. 


The format of the status infandiasiind is shown in. Figure, 6a defiord i in Table 6. When the FPU 


asserts the CS2 signal, it pices a2 bits of status onto the DAL< 31: 00> bus. ‘The CPU examines 
bits <05:00>. 


















Figure 6 « MicroVAX 78132 Status Format 
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Table 6 = MicroVAX 78132 Status me Description, 





DAL Line —— Description — 





-31:06 Not used 
05 FN (Function negative)—Indicates the status as follows: 
=1if result LSSisO | 
FN=0 if LSS not 0 
04 -  #£F2 (Function zero) —Indicates the status as follows: 


FZ =1 if the result EQL is 0 
FZ =0 if result EQL is not 0 
03 BR (Branch)—Indicates the status as follows: 


BR = 1 if ABCx should branch 
BR=0 if ABCx should not branch 


02:00 EXC CODE (Exception code)—Indicates that the solowing.<° events have occurred: 
er Code. _— Description 
0 reserved 
1 floating divide by zero 
2 integer overflow 
3 floating overflow 
4 floating underflow 
5 reserved operand detected 
6 


Operation completed normally 


If the EXC CODE is not 7 after a floating-to-integer conversion instruction, the condition codes 
associated with the instruction are unpredictable and must be determined by the CPU. Integer 
multiply and divide instructions always return unpredictable eoomno bodes (that is, in the FN, 

FZ, and BR fields) and set the EXC CODE field to 7. : 

Result transfer—The CPU performs one or more external processor cate read cycles to ie a esi 
from the FPU. During one of these cycles, lines CS<1:0>=01 and the DAL<31:00> bus 
contains the read data. After the result transfer, the CPU and FPU are free for the ‘next transaction. 


The following rules apply to result transfers from the FPU to the CPU: 


- Integer results—An integer result is transferred in one external processor data read cycle. If the 
integer is a byte, it appears on DAL<07:00> with unpredictable data on DAL< 31:08>. If the 
integer is a word, it appears on DAL<15:00> with unpredictable data on DAL< 31:16>. For 
integer multiplication, two 32-bit transfers are necessary to return the entire result. 


« Floating-point results—An F_floating operand is transferred in one external processor data read 
cycle. A D_floating or G_floating operand is transferred in two consecutive external processor 
data read cycles; bits < 31:00> are transferred during the first cycle; and bits <63:32>, during 
the second cycle. 


LEA eae eee ee OS Ee ae ee ee 
« Overflow and underflow—In integer overflow cases, the FPU laws returns the low-order bits of 
the true integer result; in floating underflow cases, the FPU always returns a zero result. 


* CMPx instruction results—-CMPD, CMPE, and CMPG do not cause a result to be generated by the 
FPU, but the CPU will request one. The FPU returns a meaningless result that the CPU ignores. 
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Typical FPU/CPU Interconnection 

- Figure 7 illustrates a typical FPU/CPU hardware configuration. In the en a DAL: transceiver 
and latch is included in the design for the benefit of the external logic that communicates with the 
FPU/CPU via the DAL. Also included for completeness are several MicroVAX 78032 CPU control 
signals that must be interpreted or generated by external logic. Refer to the “MicroVAX 78032 
CPU” section for information on these control signals | 


CLK 


vcc —| | -— GND, VBB 







AS 


Bt 


A i ica 








TRANSCEIVER , - BD<31:00>- 





| MicroVAX CLP eae Sey 





ne 





 CS<1:0> 


Figure 7» MicroVAX 78132 Typical FPU/MicroVAX 78032 CPU Interconnection 


Specifications | | 
The mechanical, electrical, and environmental characteristics and specifications for the MicroVAX 
78132 are described in the following paragraphs. The test conditions for the elecesiegl values are as 
follows unless specified otherwise. | . | 


« Operating temperature range (T): 0°C to 70°C 
« Ground reference (V;;5) Ae 
« Supply voltage (Voc): 4.75 V- 





Mechanical Configuration 
The physical dimensions of the MicroVAX 78132 68 pin CERQUAD package are eniained a in 
Appendix E. 
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Absolute Maximum Ratings re 

Stresses greater than the absolute maximum ratings may cause permanent ee to ee device 
Exposure to the absolute maximum ratings for extended pace may adversely affect the 
reliability of the device. 


- Supply voltage (V¢<): -0.5 V to 7.0 V 

: Input or output voltage applied: -1.0 V to 10 V 
« Operating temperature (T,): 0°C to 125°C 

« Storage temperature range: -55°C to 125°C 


= Power dissipation: 3 watts (maximum) 


Recommended Operating Conditions 

- Supply voltage: 4.75 V to 5.25 V 

- Active supply current (Icc): 240 mA (maximum) 

: Temperature range: 0°C to 70°C 

« Relative humidity: 10% to 95% (noncondensing) 


dc Electrical Characteristics 
The dc electrical specifications of the MicroVAX 78132 FPU for the operating omalane and 
temperature ranges specified are listed in Table 7. 


‘Table 7 = MictoVAX 78132 dc Input and Output Parameters 





Symbol Parameter , Requirements Units _—_‘Test Conditions 
Min. Max. | 
Vin High-level 2.0 — V 
input voltage 
Vian Low-level — 0.8 V 
input voltage | | | 
Ving High-level Z e 2 Tee V 
input EPS signal : ks 
Vax | Low- level a. 0 « 6 V 
| input EPS signal : | 
Vou High-level 2.4 um V Tou =—-400 pA | 
output voltage 
output voltage 
Nous Low-lev el — 0.4 V i — 5 ne mA 
output voltage CS2 
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| cet leakage -10 10 pA 0<V,.<Vop if 
In © Output depkage -10 10 4A -0.4<Vi.<Vpp 
current EGo eH apres ytd cg M0 oan Leper oy Meu a 





Lec Active supply © : - 7 meee 700 | ae: ; ee L..=0, t,=0°C 


current 





C, —s Input capacitance —— 10 ae pF 
(except EPS) 
EPS input 30 —_ pF 
capacitance an 





ac Electrical Characteristics 


Figures 8 is the timing waveform for the clock input (CLKI)-and Table 8 lists the clock timing 
parameters. The formulas for the Bming PaFRRIT ETS | are stated in terms of clock periods where a 
period P=tgp. eee 


CLKI 





Figure 8 « MicroVAX 78132 CLKI Timing Waveform 





Table 8» MicroVAX 78132 CLKI Timing Para 





Symbol Definition pees a ~— _ Requirements (ns) 


tar Clockin fall time — i ee 4.5 
ton Clockinhigh 4. 80 = 
ta Clockinlow — | 8.0 — 
tarp Clock in period ee | 25 250 


tor Clock in rise time IES EER BOLE SE EVE —_— 4.5 
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Figure 9 shows the external processor data timing sequence for a read/response enable cycle and a_ 
write/command write cycle. Table 9 lists the signal pming Parameters. The following ne notes ape to 
the signal: measurements. 


= ac characteristics are ai with a naehye capacitive load of 100 BF and the parameters a 
valid for loads up to 100 pF. . 


= ac high levels are measured at 2.0 Vv and low levels at 0.8 V except for the EPS EPS S dead 
« The ac high level of the EPS signal is measured at 2.2 V and the ac low level is measured at 0.6 Vi. 


© P= ter 















CLKO 
DAL <31:00> 
EPS 
or 
CS<1:0> 
cs2 
CLKO 
on 
See ee tpoErh a ie eee fe 
seaiwo (MIN) >). . | 
= EEN MAn) = 
_ tWREP - tepwR 
WR TN — WL 
| an? 
CS<1:0> — N 
Write/Command Write Cycle ~ 


Figure 9+ MicroVAX 78132 External Processor Data Transaction Timing 
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Table 9 » MicroVAX78132 External Processor Data Transaction Timing Parameters 


Symbol Definition =§#8 = = Requirements (ns) 
tens CLKO falling through 0.8 V to EPS falling through 2.2 V P+1 P+ 19 
toorry Write data valid setup time to EPS deassertion 2P - 35 — 

tepcs, EPS assertion to external processor assertion of CS<2> 0 3P-40 
tepcsz_ EPS deassertion to CS<2>three-stated by external processor 0 2P - 20 
tepp: EPS assertion to read data valid 4P - 40 _ 

tepypo -«- Write data hold time from EPS deassertion | 2P - 25 —_ 

tec _—- EPS falling through 0.6 V to CLKO rising through 2.0 V P-25 — 

teptwr EPS assertion width (read) 4P - 20 4P + 20 
trp.wo EPS assertion width (write) 5P - 20 5P + 20 
tepw,k  WRand CS<1:0> hold time from EPS deassertion P-20 — 

tas EPS deassertion to read data three-state 3P-20 = 

tweerp 4 WRand CS<1:0> set up time before EPS assertion 2P - 35 — 
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- Features 


= Fully compatibile with the MicroVAX 78032 CPU, CVAX 78034 CPU and rtVAX 78R32 CPU 
= 16 Peripheral Interrupt Request (PIRQ) lines 





« Edge or level triggering for each PIRQ line with individually selected priorities 
: 16 Programmable vector addresses » | : 
« Optional external vector generation 
: Fixed or round robin priority modes 
- Uses a daisychain interrupt-enable scheme for cascading 
« High-speed, low-power CMOS technology 
« Single 5-Vdc power supply 

- Description 
The MicroVAX 78516 Vectored Interrupt Controller (VIC)* is a low-cost, programmable interrupt 
controller that is fully compatible with the MicroVAX 78032 CPU, CVAX 78034 CPU, and rtVAX 
78R32 CPU. The VIC manages as many as 16 interrupt sources, resolves interrupt priorities, drives 
the interrupt request (IRQ) lines of the CPU, and provides a programmable 13-bit interrupt vector 
to the CPU. Users can choose either the fixed or round robin interrupt priority mode. Using a 


daisychain scheme, the VIC is cascadable. Figure 1 is a general block diagram of the MicroVAX 
78516 VIC. _ | | 






PIRQ15 
PIRQ14 
PIRQ13 
PIRQ12 
-—— PIRON1 
— PIRQIO 
PIRQOG 
PIRQOS 


penipHerar| R07 
INTERFACE fe— PIRQOG 


PIRQOS 
PIRQO4 
PIRQO3 
PIRQO2 
- PIROO1 
PIRQOO 


DAL<15:00> 


REGISTERS 
ND 


CONTROL 
jLocic. 


XVEC 

| Tack 

DAISY ) 

IAKE! CHAIN ect 
LOGIC IAKEON 


Figure 1 = MicroVAX 78516 VIC General Block Diagram 





*The MicroVAX 78516 VIC and the rtVAX 78516 VIC are physically and functionally identical and 
are assigned the same Digital part number. 
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The input and output signals and power and ground connections for the 68-pin device are shown in 


Figure 2. Table 1 contains a summary of the signals and describes their functions. Detailed 
descriptions of the signal functions are contained in paragraphs that follow. 


VDD VSS IAKEOP IRQO IRQ2 RDY VSS cso VDD 


s cmmnianeionmeaniaual  saiaiaimiamemaanedl q eeaanmcemcetintt  cciaamadl 


VSS IAKEON| IACK IRO1 | IRO3 VDD AS CS1 


60 59 58 57 56 55 54 53 52 51 50 49 48 47 46 45 44 






XVEC 4 61: 43 F— CS2_ 
DALOO_} 62 | 42 -- IAKEI 
pALO1— 63 | aif Ds © 
paLo2—] 64 40 | WR 
DALO3 | 65 | | | 39 -- CSEL 
DALO4 —] 66 | 38 /- NC 
DALOS —} 67 | | | 37 - NC 
DALO6 —4 | | 36 NC 
| MicroVAX 78516 | | 
DALO7 —) VECTORED INTERRUPT | 35 -— NC 


CONTROLLER | | 
DALO8 — 7 (CAVITY DOWN) ! 34 -— NC 


DALO9 +] 3 | : | 33 / NC 


DAL10 — 32 [- VSS. 





DAL11 — | 31 [> RESET 
DAL12 — | 30 F— CLK © 
DAL13 | 29 F— VDD 


DAL14 | 28 PIRQ15 





DAL15 PIRQ14 





. . 27 
10 11 12 13 14 #15 16 17 18 19 20 21 22 23 24 25 26 


vpp |PiRaO | PIRA02| PIRGO4| PIRAOE | PIRGOS | PIRQ10| PIRA12 


VDD VSS PIRQO1 PIRQO3 PIRQO5 PIRQO7 PIRQO9 PIRQ11 PIRQ13 


Figure 2» MicroVAX 78516 Pin Assignments 
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MicroVAX 78516 


Table 1 + MicroVAX 78516 Pin and Signal Summary 


Signal 7 Input/Output Definition/Function 


DAL<15:00> input/output Data/address lines < 15:0 >—Time-multiplexed 


AS | - input | 


DS input 


lines used to transfer address, data, and interrupt 


is _information between the VIC and the CPU. 


| Address strobe—Latches the state of the VIC 
into internal registers. : 


- Data Strobe—When asserted during a CPU read 
or interrupt acknowledge cycle, it indicates that 
~DAL< 15:00> lines are available to receive data. 


When asserted during a CPU write cycle, it 


_. latches the. data on the DAL< 15:00 > lines into 
the internal registers. 7 





40 
43,45,46 
50 

28-13 


5154 
55 
or 
42 


56 


wimps 


CS<2:0> input 


~RDY  ~—-_s output 


PIRQ < 15:00 > inputs 


TACK output 


.  XVEC  ——Ss output 
__ TAKET input 
IAKEOP —_ output 


~. Ready—Synchr 
VIC and the CPU. 


f ‘Peripheral interrupt requests < 15:00 >—Used 
- ~by peripheral devices to request an interrupt. _ 


TRO<3:0> output — 


Wie Incicnies the deacon of din transfer 


on the DAL< 15:00> lines. 
Control status—Used to decode the bus cycle 
en n the 





onizes data transfers bet we 


Interrupt request <3: 0>—Used to notify the 


CPU of any pending interrupts. These lines are 
maskable by the CPU. 


7 Interrupt acknowledge—Indicates that the c cur- 
os nn bus cycle edge is an interrupt, acknowledge 


= Bixtreticd: tea ladcates ‘ae the interrupt 


request is being acknowledged and the peripheral 


device must supply a vector to the CPU. 


Interrupt acknowledge enable in—Daisychain 
control signal that indicates the VIC can respond 
to the currenit interrupt acknowledge cycle. 


| Interrupt acknowledge enable out P—An active 


high pullup output that connects together with 
the with the IAKEON output to the IAKEI input 


of the next device i in n the daisychain. 
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Pin | Signal - Input/Output’ Definition/Function _ 
57 IAKEON output - Interrupt acknowledge enable out N—An active 


low pulldown output that connects together with 
the IAKEOP output to the IAKEI input of the 
next device in the daisychain or connects to the 


ERR input of the CPU. 
39 CSEL input Chip select—Enables read/write operations to 
7 the internal registers. 
31 RESET input Reset—Sets the VIC to a known initial state. 
30 CLK / input ‘Clock—Used to generate the internal time states 
of the VIC. 
10,11,29,44,60 Vpp — input Voltage— Power supply voltage. 
12,32,48,58,59 Vs, input Ground—Ground reference 


MicroVAX Bus Tatertace Sat 

Data/Address lines (DAL < 15:00 >)—These lines are bidirectional and are used to transfer 
address and data between the VIC and the CPU. During internal VIC register access cycles, when 
the CSEL line is asserted, the DAL< 15:00> lines transfer data to and from the internal registers. 
- During interrupt acknowledge cycles, if the IAKEI input is asserted and the VIC has a pending 
interrupt at the level being acknowledged, the VIC places one of its interrupt vector registers on the 
DAL< 15:00> lines or assert the external vector control signal (KVEC). When the XVEC signal is 
asserted, the interrupting device must then supply a vector. During interrupt acknowledge cycles, 
the DAL< 15:00> lines are driven only when the IAKEI input is asserted, the [AKEON output is 
deasserted, and the XVE bit in the interrupt vector register is cleared. The DAL< 15:00 > lines are 
otherwise in a high-impedance state. 


Address strobe (AS)— When asserted, this er latches the information on the DAL<06:00>, 
CS<2:0>, and the WR lines into the VIC. This information is used internally to latch the 
PIRQ < 15:00 > line information for the duration of a read or interrupt acknowledge bus cycle that 
accesses the VIC. 


Data strobe (DS)—This signal is used by the VIC for data timing during internal register access 
cycles and interrupt acknowledge cycles. When writing to one of the internal registers, the 
assertion of this signal strobes the DAL < 15:00 > line data into the selected register. When reading 
an internal register, the assertion of this signal is used to transfer the contents of the selected 
register onto the DAL< 15:00> lines. When responding to an interrupt acknowledge cycle, the 
assertion of this signal is used to transfer the contents of the appropriate interrupt vector register 
onto the DAL< 15:00> lines. 

Write (WR)—This signal indicates whether the current bus cycle is a read or a write cycle. This 
signal is used with the CS <2:0> inputs to decode the type of bus cycle in progress and to access 
- internal registers to determine whether the operation is a read or write operation. The WR input is 
~ asserted for write cycles and is deasserted for read or interrupt acknowledge bus cycles. 

Control status (CS < 2:0 > )—These lines and the WR input are decoded to determine the presence 
of a read, write, or interrupt acknowledge bus cycle. The bus cycle selections are listed in Table 2. 
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Table 2 » MicroVAX 78516 Bus Cycle Decoding* _ 


CS Line | | WR  CSEL_ Bus Cycle 

a2 A 0 

H Xx X H’ CL. Read 

H x H LL Write — 

L H H .H (_X © Interrupt acknowled 


*H=high level, L=low level, X= either high o ot low level. 


Rasity (RDY)—This abures is asserted by the VIC é whet’ its sal registers are  atdesied during a 
read or write cycle or during an interrupt acknowledge (LACK) cycle when the VIC is providing an 
interrupt vector. During IACK cycles, at least one ready slip will be generated to allow an interrupt 
acknowledge enable signal (TAKEI, IAKEOP, or LAKEON) to propagate through the daisychain. 
The total number of ready slips that occur depends on the length of the daisychain. This is an open 
drain (pulldown) output capable of sinking 16 mA. 





~ Interrupt Interface Signals 

Peripheral interrupt request (PIRQ < 15:00> )—These i input aie are used by peripheral circuits 
_ to request an interrupt. When one or more of these lines are asserted and the interrupts are 
enabled, the VIC will assert the appropriate IRQ line(s). Mapping between each PIRQ line and the 
TRQ line is programmable by software though the IRQ Map registers. The interrupt request can be 
sensed by a signal level or edge or by the signal polarity. The sensing is programmable i the user. 
Unused PIRQ lines must be connected to a valid logic level. 


Interrupt request (IRQ < 3:0 >)—One or more of these lines will be scseued by the VIC che: a 
PIRQ line is asserted and the interrupts are enabled. The IRQ Map registers determine which IRQ 
line is asserted for a particular PIRQ line. An IRQ line will b 


 deasserted when all pending 
interrupts mapped to that IRQ line have been serviced. These are ppen drain (pulldown) peer 
that require external pullup resistors. 


Interrupt acknowledge (IACK)—This signal is a result of dbcoding the CS<2:0> aa the WR 
lines and will be asserted for all interrupt acknowledge cycles. The signal is not affected by the 
interrupt acknowledge daisychain signals. It allows the external logic to disable the memory 
transceivers during an interrupt acknowledge cycle. 


External vector enable (KVEC)—This signal is asserted if the XV E bit is set in n thei interrupt vector 
register for the PIRQ being acknowledged. The requesting device must supply its own vector and 
the VIC places the DAL< 15:00 > lines in the high-impedance state. The hardware ‘supplying the 
vector is required to assert the RDY signal at the correct time. 











Daisychain Tbieehace Signals 

Interrupt acknowledge enable in (TAKEI)—This input allows more than . one VIC and other 
peripheral chips to be connected together in a daisychain. When this input is asserted, the VIC can 
respond to the current interrupt acknowledge bus cycle. This signal should be connected to a 
ground reference if the VIC is the highest priority device in the daisychain. 
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Interrupt acknowledge enable out high (IAKEOP)—This output and the IAKEON output are 
connected to the IAKEI pin of the next lowest device in the interrupt daisychain. The IAKEOP 
output is normally an active high pullup. However, when the IAKEI signal is asserted and the VIC 
has no pending interrupts at the level being acknowledged, the IAKEOP output is a high- 
impedance. If the VIC is the lowest-priority device in the daisychain, this line is not connected to 
another device. This is an open drain, pullup output that cannot be pulled low. For daisychain 
operation, the pulldown function is performed by the IAKEON line. 


Interrupt acknowledge enable out low/error low (IAKEON)—This is an open drain pulldown 
output that is used to either pull down the next IAKET level in a daisychain application, or pull 
down the ERR input to the CPU if this VIC is the last (or only) device in the daisychain. The 
TAKEON line is normally in a high-impedance state. However, when the IAKEI signal is asserted 
and the VIC has no pending interrupts at the level being acknowledged, the IAKEON signal is 
asserted. The VIC asserts this signal if PIRQ line is in level mode and the interrupting device 
removes its request before the interrupt is acknowledged. The level sensitive inputs are not stored 
by the VIC. Therefore, the PIRQ line that was asserted cannot be used to determine the vector to 
return to the CPU. This output is a high current open drain output. 2 Had 











Miscellaneous Signals 
Chip select (CSEL)—This signal, when asserted, enables ie operations to the internal 
registers. -— 


Reset (RESET)— This see when asserted, sets all the internal eaalense to a known value except 
for the interrupt vector (IVEC) and IRQ map (IMAP) registers. The contents of the IVEC and IMAP 
‘registers are unknown. The interrupts are disabled and the DAL< 15: 00 > lines become a high 


impedance. 


Clock (CLK)—This signal is used to generate the internal time states within the VIC. Any oscillator 
that meets the input Sacer of CLK signal may be used. | 


Power and Ground. Couseciiaes 
Power supply voltage (V,,)— Power sappy 5 Vdc. 
Ground (V,,)—Ground reference. 


. Functional Description 


_ The VIC may be connected directly to the CPU bus or to a buffered I/O bus. It accepts up to 16 
priority interrupt requests (PIRQ< 15:00>) from peripheral devices and it drives an associated 
IRQ line to the CPU. The mapping between the VIC PIRQ lines and CPU IRQ’ lines is 
programmable. The VIC decodes the presence of a CPU interrupt acknowledge (IACK) cycle on the 
bus and monitors the interrupt priority level of the interrupt being acknowledged. It will respond 
to the IACK cycle by transferring the appropriate user programmed vector on lines DAL< 15:00>. 
The CPU uses the vector as an offset into the system control block (SCB) to locate a artins 
address of the interrupt routine. 


A daisychain wiring scheme enables the user to connect more than one VIC eisai sO as to 
expand the interrupt handling capability from that of a single VIC. This scheme i is one. with 
the daisychain scheme used by the other peripheral interfaces. 

A peripheral device requests service by asserting one of the PIRQ lines. When the VIC detects the 
PIRQ line that has been enabled, it reflects the assertion of the line in the pending summary 
register (PSR) bit that corresponds to that PIRQ line. The IRQ output, programmed by the user for 
that PIRQ, will also be asserted to indicate to the CPU the interrupt condition at the specified IPL 
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level. The CPU will respond with an interrupt acknowledge cycle that contains the priority level of 
the interrupt being acknowledged. The VIC then decodes the IACK cycle and IPL line information 
and if the VIC generated the interrupt and the IAKEI (daisychain input) signal is asserted, it selects. 
the vector of the next PIRQ to be serviced for that IPL level. It then places that vector on the 
DAL< 15:00> lines. If the VIC did not request the interrupt, it asserts the IAKEON (daisychain 
output) signal to allow the next devices in the daisy chain to be serviced. When the VIC is 
responding to an interrupt, it holds the [AKEON line from being asserted to prevent devices in the 
daisychain that have a lower priority from responding, 


Registers. 

The VIC contains 16 interrupt vector aeicieis and 9 Sideteues Sui a that allow each 
request to be individually configured by software. The internal VIC registers, shown in Figure 3, 
are accessible by the CPU and are used by software to configure the operation of the VIC. Each 
register consists of 16-bits and is located on a longword boundary. The base address is determined 
by external address decode logic. Direct access to the VIC registers is enabled when the CSEL signal 
is asserted and the VIC decodes the address on the DAL < 06: 00 > lines to select the register to be 
accessed. 


NOTE: Only word access to the lower 16-bits of the longword are allowed to transfer data between 
the CPU and the VIC. Byte accesses and longword accesses are not allowed. Longword 
access may result in the CPU reading the incorrect data or lost data during a write cycle. 


sores 8 


ie | POLARITYREGISTER 
Bers | | LEVEL/EDGE REGISTER 


BASE+8 / ss: PENDING SUMMARY REGISTER 
BASE+12 i + INTERRUPT ENABLE REGISTER 
BASE+16 ar IROMAP REGISTER O __ 
BASE+20 | IROMAP REGISTER 1 


BASE+24 | IRQ MAP REGISTER 2 
BASE+28 IRQ MAP REGISTER 3 





BASE+32 “ROUND ROBIN REGISTER | 
BASE +36 | 7 ADDRESSES (BASE+36)_ 
* NOTINTERNALLY 
. DECODED: BY THE VIC 
BASE+64 INTERRUPT VECTOR REGISTER 0 
BASE+68 
BASE+124 | _.- INTERRUPT VECTOR REGISTER 15... 
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Polarity register—The polarity (POL) register selects the polarity of the input used to assert a 
PIRQ< 15:00> line. When a bit is set, the corresponding line is asserted by a low-to-high 
transition or by a high level. When a bit is clear, the corresponding line is asserted by a high-to-low _ 
transition or by a low level. The register format is shown in Figure 4. 


15 : | 90 


| 
? PIRQ<15:00>LEVEL/EDGE POLARITY | 


Figure 4» MicroVAX 78516 Polarity Register Format 


The POL register is used with the level/edge (LE) register to configure each PIRQ input. A PIRQ 
input may be configured to respond to a rising edge, a falling edge, a high level, or a low level signal. 
Table 3 shows the bit selections of the POL and LE registers and the resulting state of a PIRQ line. 
When the RESET line is asserted, the POL register is cleared. 


Table 3 = MicroVAX 78516 PIRQ Input Line Configurations 


_ POL Bit LE Bit PIRQ Asserted State 
0 0 Falling edge 
1 0 Rising edge 

0 1 Low level — 
1 ni High level 


. Level/Edge register—The level/edge (LE) register is used to select the way in which a PIRQ 
<15:00> line detects an interrupt request. It allows the user to select either level or edge sensitive 
triggering. When a bit is set, the corresponding PIRQ line is level sensitive. When a bit is clear, the 
corresponding PIRQ line is edge sensitive. The polarity of the PIRQ line input is selected by the 
polarity register (POL). Figure 5 shows the register format. 





PIRQ< 15:00>LEVEL/EDGE TRIGGER 


Figure 5 = MicroVAX 78516 Level/Edge Register Format 
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Level-sensitive inputs allow more than one device to be connected to a single PIRQ line by using a 
wired NOR structure. Once the correct polarity level is detected by the VIC, the corresponding 
interrupt pending bit is set in the pending summary register (PSR). The interrupt pending bit will 
remain set until the PIRQ line is cleared. Therefore, an interrupt acknowledge cycle from the CPU 
will not clear the interrupt pending bit in the PSR register until the PIRQ line is deasserted. If a 
wired NOR structure is used, a external pullup resistors is required on the PIRQ line. 


Edge sensitive inputs detect either a high- to-low (falling edge) or low-to-high (rising edge) 
transition. When the correct transition is detected, the corresponding bit in the PSR register will be 
set. The VIC will clear the bit when the interrupt is serviced and will not recognize another 
interrupt request on this line until the prope! transition occurs. When the RESET line i is asserted, 
the LE register is cleared. 


Pending Summary register—The entae summary rectihee (PSR) ee a summary of the 
internal interrupt pending flags. When a bit is set, an interrupt request is pending forthe 
corresponding PIRQ line. When a bit is clear, no interrupt is pending for the corresponding PIRQ 
line. The contents of the PSR register are latched during a read and IACK cycle. The register format 
is shown i in Figure 6. , 


15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 





PIRQ<15:00>INTERRUPT PENDING | 


Figure 6 « MicroVAX 78518 Pending Summary Register Format 


The VIC manages the setting and clearing the PSR register bits for level and edge sensitive PIRQ 
inputs as follows. When the RESET i input is asserted, the PSR register is cleared. 


- For level sensitive PIRQ inputs, the corresponding PSR bit will be set when the pa line i is 
asserted and cleared when line is deasserted. 


= For edge sensitive PIRQ inputs, the corresponding PSR bit is set on the asserting edge of the PIRQ 

_ input. The PSR bit for a PIRQ input will be cleared by an interrupt acknowledge cycle that 
acknowledges the interrupt request of the corresponding PIRQ line, when the software clears the 
PSR bit by writing a zero into the appropriate bit, or when information i is written into the LE 
register. 


Interrupt Enable register—The interrupt enable (IEN) register is used to enable or disable the 
reporting of interrupts to the CPU by each PIRQ line. When a bit is set, it allows an interrupt 
request from the associated PIRQ line to generate an interrupt to the CPU. When a bit is clear, the 
associated PIRQ line is prevented from Beneacines an Eau to the CPU. The Sigua format i is 
shown in Figure 7. . 
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245 14.2 IB 12: 11 10 09 08 07° —s (6 0 04 03. #02 # 01 00 





PIRQ<15:00>INTERRUPT ENABLE/DISABLE 


Figure 7 = MicroVAX 78516 Interrupt Enable Register Format 


The IEN register enables or disables the generating of an interrupt to the CPU and does not affect 
the detection of interrupts by the VIC. When a PIRQ line is asserted, the corresponding bit in the 
PSR register is set regardless of the state of the IEN bit for the PIRQ line. The IEN register provides 
the support for a software i interrupt poring scheme. The register is ae when the! RESET input 
is asserted. 


IRQ Map registers (0-3)—The interrupt request map registers (IMAPO — IMAP3) are used to 
select the IRQ line to be asserted by the VIC when a PIRQ line is asserted. When a bit in one of the 
IMAP registers is set, the corresponding PIRQ line is mapped to the associated IRQ line. The 
register format is shown in Figure 8. Each register corresponds to one of the IRQ outputs as defined 
in Table 4. 








PIROQ<15:00>TO MicroVAX IRQ LINE 


Figure 8» MicroVAX 78516 IRQ Map Registers (0-3) Format 


| Table 4 = MicroVAX 78516 IMAP Register to IRQ Mapping 
Register Line 





-IMAP3 IRQS 
IMAP2 IRQZ 
IMAP1 -~TRQI 
IMAPO IRQO 


Example: If bit 3 of the IMAP1 register is set when the PIRQ3 line i is s asserted and the IEN register 
bit is set for this line, line IRQ1 will be asserted. 


The IMAP registers are not initialized when the RESET line is asserted and the < contents will be 
undefined until programmed by software. 
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Round Robin register—The round robin (ROBIN) register is used to select either fixed or round 
robin priority mode of operation for each IRQ level. More than one bit may be set in this register at 
a time and the register controls only the PIRQ lines for the asscociated VIC. The register is cleared 


when the RESET input is asserted. The register format is shown in Figure 9. Table 5 describes the 
function of each bit. 











Figure 9 « MicroVAX 78516 Round Robin Register Format 


Table 5 = MicroVAX 78516 Round = a a 
Bit Description = ni : | 
15:04 RAZ (Read as zeros) —Not used 


03:00 RR17-RR14 (ROUND ROBIN IPL17- IPL14)—These bits select the 4 priority mode for all 
interrupts mapped to lines IRQ<3:0>. RR17 selects IRQ3 etc. When set, the round 
robin mode is selected. When sii tthe fixed. mode is cobain 





tints Vector registers (0.15)—Each 0 of the 16 interrupt vector (IVECO shitagh 7 IVEC 45) 
registers contains a fully programmable 16-bit vector. There is an IVEC register for each FIRQ line. 
The register format i is shown i in Figure 10 and Table 6 describes th the function of each bit. 





PIRQ INTERRUPT VECTOR 


See oan. sie 5 AO ee Hac tias hate, shen gc, OFLG 
__ Figure 10+ MicroVAX 78516 Interrupt Vector Registers (0-15) Format __ 
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Table 6 « MicroVAX 78516 Interrupt Vector Registers (0-15) Description 


Bit | .. Description : | | 

15:02 — VECTOR (PIRQ interrupt vector} This vector is the  olfaat into the ae 
control block (SCB) for the location of the interrupt routine. __ | 

01 | XVE (External vector enable)—When set, the DAL<15:00> line drivers are 


disabled and the XVEC line is asserted during an IACK cycle, indicating that an 
external vector is to be supplied. When clear, the VIC will drive the contents of 
the IVEC register onto the DAL < 15:00> lines during an IACK cycle. 


00 ~ QFLG (Normal/Q-bus processing flag) —When set, this bit forces the interrupt 
priority line of the CPU to priority IPL17 when servicing the interrupt. When 
clear, the CPU will service the interrupt normally. 


These registers are not initialized when the RESET input is asserted and the contents of the register 
is undefined until programmed by software. 


Interrupt Level Triggering and Edge Triggering | 

The sensing of an interrupt condition by the VIC may be ee for each PIRQ input by the 
LE register. Each PIRQ line can be set to respond to either a signal level or to a signal tr transition 
(edge). The polarity of the sensed condition is also programmable. 


In the edge-triggered mode, either a high-to-low or low-to-high transition on the PIRQ line will 
cause the VIC to latch the PIRQ line information. Further transitions on this PIRQ line will have no 
effect. After the acknowledgment of the latched assertion by the CPU, the VIC resets the latching 
mechanism allowing the user to again assert the interrupt with a proper transition on the PIRQ line. 
A latched PIRQ assertion may be cleared by writing to the LE register or by writing a zero to the 
corresponding bit of the pending status register. 


In the level mode, the interrupting device must deassert the PIRQ input before the interrupt 
service routine ends to prevent the VIC from sensing the previous level and posting the same 
interrupt twice. During edge- or level-triggering, a bit in the pending summary register correspond- 
ing to that PIRQ line indicates the pending interrupt and if the interrupt is enabled, the VIC will 
assert the appropriate IRQ line as programmed in the IMAP register. 


If the CPU responds to an interrupt caused by a edge-triggered signal, the completion of the IACK 
cycle will cause the VIC to clear the corresponding PSR register bit. If level-triggered mode was 
selected, the PSR bit would continue to reflect the PIRQ status.. 
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Preliminary MicroVAX 78516 


Fixed and Round Robin Priority 
The two priority modes available to the user are fixed and round robin. Each PIRQ line has a fixed 


priority with respect to the other PIRQ lines with line PIRQ15 as the highest priority and line 
PIRQO as the lowest. 


In fixed priority mode, the highest sealing’ PIRQ for the IRQ level being recognized by the CPU 
will be serviced first. In round robin mode, the highest pending PIRQ for the IRQ level being 
recognized by the CPU will be serviced and then prevented from requesting another interrupt until 
all other pending interrupts for that IRQ level have been serviced. When all pending interrupts 
assigned to an IRQ level have been serviced, the VIC will enable all the PIRQ lines assigned to that 
IRQ level and the round robin process will start again. The round robin mode operates only within 
the PIRQ lines of a specific VIC. 

The VIC accepts as many as 16 interrupts from peripheral devices and drives an interrupt request 
(IRQ) line of the CPU, as determined by the user. The VIC decodes the presence of an interrupt 
acknowledge cycle on the bus, monitors the interrupt priority line (IPL) being recognized, and 
sends a 13-bit vector to the CPU. Each of the 16 (IRQ) lines is configured by software as follows: 


siriggetingmodeandpolaity =*=~SttC“~*~=s=“‘<S O*‘(SSSSSS 
« IRQ mapping to the CPU | | 
= enabling/disabling of interrupt request —_—- 


= an interrupt vector 


External Vector Generation 
External devices can generate their own vector r under control of a bit in the IVEC register. The 
vector generation sequence is as follows: 


1. The VIC provides the external vector crab (NE (XVE EC) ear to the external logic that generates 
the vector. 


2. The XVEC signal indicates that the i énvertiit epeasa is bein s eeieieteet 
3. The external logic supplies a vector to the CPU and asserts an RB DY to end the bus cycle. 


More than one VIC can be connected in a diteycluin-eriable configuration as shown in Figure 11. 
The three signals used are the acknowledge enable in ([AKED), interrupt acknowledge enable out 
high (IAKEOP), and interrupt acknowledge-enable out low/error low (AKEON). When the IAKEI 
signal is asserted, the VIC can respond to the current interrupt acknowledge cycle. If no pending 
interrupts exist for the IPL line being acknowledged, the VIC asserts the [IAKEON and IAKEOP 
lines to allow the next device in the chain to respond to the interrupt acknowledge cycle. 


Interrupt Operation 

The VIC receives interrupt requests from devices and posts interrupts to the CPU by asserting the 
appropriate IRQ lines. It also provides a vector address to the CPU during an interrupt acknowledge 
cycle if the XVE bit in the interrupt register is not set. If it is set, the VIC notifies the device that a 
vector address is required from the device. | 





Posting interrupts—When the VIC detects an assertion ona PIRQ input from a device, it sets a bit 
in the in Pending Summary register that corresponds to the PIRQ input. If the corresponding 
interrupt enable (IEN) bit in Interrupt Enable register is also set, an IRQ line is set to notify the 
CPU of the interrupt request. The IRQ line that is set is selected by one of the four Interrupt Map 
registers. Figure 11 shows the sequence for posting an interrupt request. 
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PIRO — 
ASSERTED 





‘READ OR 
IACK BUS 


CYCLE IN 
PROGRESS 






BIT 


_ ASSERT IRQ <3:0> | 
LINE SELECTED 
BY IMAP REG 





_ Figure 11 = MicroVAX 78516 Interrupt Request Posting Sequence 


Interrupt acknowledge response—After the IRQ line is asserted, The CPU responds with an 
interrupt acknowledge cycle that transfers the interrupt priority level (IPL) of the interrupt being 
acknowledged on the DAL<04:00> lines. The VIC decodes this information to determine if it 
had requested the interrupt. If it had made the request, and the TAKE] input is asserted, the VIC 
blocks the propagation of the IAKEI signal to another VIC, and select the vector address associated 
with the PIRQ line that requested the interrupt. The VIC then transfers the vector to the CPU 
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through the DAL < 15:00 > lines. If an interrupt is not pending at the IPL being acknowledged, the 
VIC passes control to the next device in the daisychain by asserting the [AKEON signal and by 


placing the IAKEOP line in a high-impedance state. The interrupt acknowledge response sequence 
is shown in Figure 12. 













PENDING 
INTERRUPT 





| ASSERT IAKEON | 
1 DEASSERT 
| \AKEOP 








PLACE IVEC 
REG ON DAL 
ASSERT RDY 


| ASSERT | 
XVEC | 


Figure 12 = MicroVAX 78516 Interrupt Acknowledge Response Sequence 
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Gyr are Cle ae O 


















IS RR 
PIRQ ENABLED 
EDGE TRIG FOR IPL 








CLEAR PSR BIT BLOCK PIROQ 






















JUST SERVICED 
RESET EDGE FROM REQUEST 
DETECT MECH ANOTHER 


INTERRUPT 





_ MORE 
“PENDING 
INTERRUPTS 
AT IPL 





UNBLOCK 
ALL PIROs 
MAPPED TO IPL’ 





Figure 12 = MicroVAX 78516 Interrupt Acknowledge Response Sequence (Continued) 
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rtacing Requirements 


The VIC can be used with the MicroVAX 78031 CPU, CVAX 78034 CPU, or the rtVAX 78R32 CPU. 
It can be connected to either the CPU bus or to a bufferred I/O bus. A typical example of the VIC 
connected to a MicroVAX 78032 CPU is shown in Figure 13. The circuit includes separate address | 
decode logic to assert the CSEL i i inegt that is used to select registers i in the VIC. 









DAL<31:00> 


| ADDRESS | === | 
| DECODE cSEL 
LOGIC ae 





| PERIPHERAL | 
| DEVICE 


















RAL | | PERIPHERAL | 
| DEVICE |---| DEVICE 





i MicroVAX 
| 78032 CPU | 


oe ei 4 PIRO<1 en 
- pictoVAX of 7 
| 78516 VIC |. Xvec 






| 1AKEOP 


* ANY CLOCK MEETING AC SPECIFICATIONS 
_ ** SYSTEM-WIiDE RESET SIGNAL ; 
*** THESE LINES NEED EXTERNAL PULLUPS. 


Figure 13 « MicroVAX 78516 Typical VIC and MicroVAX 78032 CPU Interface Configuration 


Daisychain Wiring 

Figure 14 is an example of a MicroVAX 78032 CPU and than one VIC faa wired in a ee | 
enable configuration. The inital TAKEI input to the VIC is held asserted by a ground connection to 
allow the VIC to respond to to the current interupt acknowledge cycle. If a pending interrupt does 
not exist for the IPL being acknowledged, the VIC asserts the [AKEON and IAKEOP lines to allow 
the next device in the chain to respond to the i interrupt acknowledge cycle. 
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PERIPHERAL | 
DEVICES | 












| PERIPHERAL | 
DEVICES | 


| PERIPHERAL | 
| pevices. | 


PIRQ <15:00> 


MICROVAX 





78032 CPU 


| MICROVAX 
78516 VIC 


IAKEOP 


_|__iAKEON | 








MICROVAX 
| 78516 VICI 






| Gein } PIRQ <15:00> 






IAKEOP 


| _IAKEON | 


TO NEXT DEVICE IN DAISY CHAIN 
*EXTERNAL PULLUP CIRCUITS REQUIRED . 


Figure 14 = MicroVAX | 78516 IAK Daisychain Wiring Configuration 


Bus Cycles | . | 

The VIC responds to read cycles, write cycles, and interrupt acknowledge cycles. 

Register read cycle—A read cycle is performed by the CPU to read information from a VIC internal 
register. The VIC responds to the read cycle when the CSEL input is asserted and when the address 
on the DAL< 15:00> lines corresponds to the address of a VIC internal register. The signal timing 
and parameters for register read cycle are shown in the Specification section. The register read cycle 
sequence follows. 


1. The CPU transfers an address on the DAL< 15:00 > lines, indicates a read cycle on control lines 
CS <2:0>, and deasserts the WR input to the VIC. 


2. The CPU asserts the AS signal to indicate that the information on the bus is valid. 
3. The VIC latches the DAL< 06:00 >, CS<2:0>, and WR line information. 


4. The external address decode logic, Figure 13, decodes the address on the DAL lines and asserts 
the CSEL input to the VIC. 


1-96 Confidential and Proprietary 








5. The VIC transfers the content of the selected register to the bus and asserts the RDY RDY output. 


6. The CPU latches the data and deasserts the DS and AS S outputs to indicate the end of the bus 
cycle. The VIC then deasserts the RDY Y output to the CPU to end the read cycle. . 


Register write cycle—A write cycle is performed by the CPU to write informuatin imo a VIC 

internal register. The VIC responds to the write cycle when the CSEL input is asserted by the CPU 

and the address on the DAL<06:00> lines corresponds to the address of a VIC internal register. 

The signal timing and’ parameters | for register write cycle are in the a a section. ss 

register write cycle sequence. follows. wi 

1. The CPU transfers an address on the DAL< 15:00 lines, indicates a write cycle on control lines 
CS <2:0>, and asserts the WR input to the VIC. 


2. The CPU asserts the AS signal to indicate that the information on the bus is valid. 

3. The VIC latches the DAL<06:00>, CS<2:0>, and WR line information. 

4. The external address decode logic, Figure 13, decodes the address on the DAL lines and asserts 
the CSEL input to the VIC. 

5. The VIC asserts the RDY signal, latches the data on the DAL< 15:00> lines into the selected 
register, and deasserts the RDY output when the CPU deasserts the DS input. 


6. The CPU deasserts the AS output to indicate the end of the bus cycle which also ends the register 
write cycle. , 





Interrupt acknowledge cycle—The CPU nerktitas an on eee cycle in response to an 
interrupt request (IRQ<3:0>) output from the VIC. The VIC responds to the interrupt 
acknowledge bus cycle when its IAKEI input is asserted and when its pending interrupt is the same 
interrupt level recognized by the CPU. The signal timing and parameters for the interrupt — 
acknowledge cycle are in the Specification section. The sequence of the interrupt acknowledge 
cycle sequence follows. 


1. The CPU transfers a hexadecimal value of the IPL on the DAL< 15:00> lines,- indicates an 
interrupt acknowledge cycle on control lines CS < 2:0 >, and deasserts the WR input to the VIC. 

2. The CPU asserts the AS signal to indicate that the information on the bus is valid. 

. The VIC latches the DAL <06:00 >, CS<2:0>, and WR WR line information. 

4. The IAKEI input is asserted. The timing of this event depends on the location of the VIC in the 
daisychain. 


5. The VIC transfers the vector address on the DAL< 15:00> lines aid’ asserts the RDY signal. If 
the device is required to supply the vector address, the VIC asserts the XVEC output to the 
device and the device asserts the RDY signal. 

6. The CPU latches the vector address and deasserts the DS and AS outputs to indicate the end of 
the bus cycle. The VIC then deasserts the RDY RDY ane if asserted, to end the cycle. 





WW 





Confidential and Proprietary 1-97 








Power Supply Decoupling _ 

Figure 15 shows the power supply connections to the VIC. The Ven pins connect to 5 Vde sad the 
Vss pins connect to a common ground. All the Vpp pins should be connected together and all the Vs 
pins should be connected together. Decoupling is provided by connecting 1.0u f capacitors between 
the Vpp and V,, pins as shown on the figure. 


| ——- ) | | [——° +5 
| VDD VSS es v0 = | 


60 59 58 


MicroVAX 78516 
VECTORED INTERRUPT 
CONTROLLER | | Td vss 


VDD 7 
D+5V 





oc | F | ALL CAPACITORS © 
+5 | 1 pf ELECTROLYTIC 


Figure 15 » MicroVAX 78516 Power Supply Decoupling 


. Specifications 


The mechanical, electrical, aed eafreumental specifications i - VIC are contained in the 
following paragraphs. The test conditions for the values specified are listed as follows unless 


specified otherwise. 

= Temperature: 70°C 

= Power supply voltage (Vp): 4.75 V 
= Ground (V,,): 0 V 
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Stresses b Seats ert i sects maximum ratings may cause permanent damage t to the device. 
Exposure to the absolute maximum ratings for extended periods may adversely affect the 
reliability of the device. 


= Storage temperature range: -55°C to 125°C 
= Active temperature range: 0°C to 70°C 
- Power supply voltage (Vpp to Vss): 0 V to 6 Vv 
: Input or output voltage applied: -0.3 V to Ve + -0. 3 Vv) 


Recommended Operating Conditions 
- Temperature: 0°C to 70°C 
= Power supply voltage: 4.75 Vi to 5. 25 Yo 


: Power dissipation: 1.0 W (maximum) 





dc Electrical Characteristics 
The dc input and output parameters for the VIC are listed in Table 7 


Table 7 » MicroVAX 78516 dc Input and Ou 
Symbol — Parameter Test Conditions " Reaukcemears Units 
Min Max 

Vin High-level : See oad 2.0 — V 
input voltage 

Ve Low-level | rae . 0.8 V 
input voltage 

Ven? High-level Ton =-400 pA 2.4 — V 
output voltage 

Vee Low-level Io, =2.0 mA ‘ — 0.4 
output voltage 

dee Input leakage 0<V,< Vow - -0.6 sa bie 20 
current. 

Le Output leakage 0 « < Y, < (V., = -0.6 v) — 100 
current 

eee Active supply — * 
current 

Vesna Open drain Ton: = 6.0 mA er 0.4 
pulldown 
low-level output 


voltage 








B ix > < 


< 
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Symbol Parameter +-—-‘Test Conditions = +—- Requirements. Units" 





Voor?  Opendrain = Iy=25mA_ Se Oe, oe. 
pulldown : ~~ | 7 ) i 
low-level output 
voltage 

Cc. Input capacitance | ee vente DF 

Gee Output capacitance . ie . ae — “+ PF 

*To be determined. | OO | | | 

‘Only one output may be shorted to either supply rail at one time, and the duration of the short 

must be less than 2 seconds. 

*This specification also applies to the open drain output on IAKEOP 

>All outputs floating, all inputs connected to either supply rail. The CLK input is eh swinging 

between both supply rails at 20 MHz. | : 


‘Applies only to the IRQ <3:0> outputs. 
>Applies only to the RDY and IAKEON outputs. 


ac Electrical Characteristics 
Figure 16 shows the input signal and clock signal waveforms and the parameters are listed in Table 8. 





CLOCK INPUT 


& tow 
tCPH toPL 


CLK 


INPUT SIGNAL > 


Sd 16 = MicroVAX 78516 es and Clock Signal Timing = 
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Table 8 «  MicroVAX 78516 Input and Clock Signal Timing Parameters 


Symbol Definition Ppa ene Requirements 
a : | Min Max. 


nn locate high = a z | sine. 500 us 
tse: Input clock low | —_ _ a. al ns 500 ps 
tow Input clock period ee ee de ne oe i : ee 50ns. 








"To be determined — | | eT RE 
teres ANC te,iy times for :PIRQ< <15:00> is is500'ns, begs | 





Figure 17 and 18 show the signal timing and ‘Sapa fot i a register reid sé and register write 
cycle, respectively, between the MicroVAX CPU and VIC. Figure 19 shows the signal timing and 
symbols for an interrupt acknowledge ore when the VIC aespopds with 5 a vector and when the 
external device supplies the vector. Figure 20 shows the timing-and symbols f 

configuration when the intetrupt priority is not passed to the VIC sad when it is passed to the VIC. 

Figure 21 shows the signal timing and symbols for the PIRQ input to IRQ output signal generation. 

It also includes the RESET input signal timing. Table 9 lists and defines the symbols and 
parameters used on the figures. The ae notes nies to the table information. 


- (T)=input clock p period ( (tow) 








« All units are nanoseconds (ns) except where indicated. 


= All times are spe ified with a 100-pF capacitive load on the outputs. 








. - All times are measured at the 50 percent levels of the waveforms except where indicated. 
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{Ty fe | 
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Figure 17 ; MicroVAX 78516 Register Read Cycle Timing | a | 


} be tASH — 
TASDS _. ‘to 


iene ett aa a 
OEE CY) 
meee 


: woo ~*) } f+ WOH 
toss | tDRD 


tRDYD : tRYDS 


Figure 18 » MicroVAX 78516 Register Write Cycle Timing 
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Figure 19 = MicroVAX 78516 Interrupt Acknowledge Cycle Timing 
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IAKEON 
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= OX Fr 








TID max ———+ 
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\AKEI 
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Figure 20 * MicroVAX 78516 Daisychain Priority Signal Timing 
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PIROQ<n> 


tRO<n> 





PIRQ<n> 





PIRQ SETUP 


RESET 


DAL< 1 5:00> 





RESET TIMING — 


Figure 21 « MicroVAX 78516 PIRQ and Reset Signal Timing 
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_ Table.9 « MicroVAX 78516 Signal Timing Parameters 
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Symbol Definition Requirements 
Min. Max. 
tassh  DAL<06:00> hold after AS assertion 0 = 
er DAL<06:00> setup to AS assertion 15 _ 
tascs  CSEL assertion afc AS assertion = 1 us 
tasps DS assertion after AS assertion 0 _— 
—_ AS high after deassertion 157 _ 
testn  CSEL hold after AS deassertion 0 a 
torp RDY or XVEC deassertion from DS deassertion as 1.5T+45 
tpsas AS deassertion after DS deassertion _ 0 — 
bss DS setup before RDY assertion 30 =< 
ti Read data three-state delay from DS deassertion — 30 
tena! RESET deassertion to VIC enabled internally 5T+250 — 
tiuss LACK assertion after AS assertion _ oe 1.5T+45 
tinas LACK deassertion after AS deassertion = 1.5T+45 
eae TAKEO/IAKEOP deassertion from AS deascenion - — 40 
tupmin  LAKEON/IAKEOP delay from TAKEI assertion (IAKEI asserted 25 — 
7.5T or more after AS 
tupm:z  LAKEO/IAKEOP delay 1 from AS assertion (IAKEI asserted less — 8.5T+25 
than 7.5T more after AS 
{aH TAKEI hold after AS deassertion — 
trun? § PIRQ assertion to IRQ assertion delay 100 
tes PIRQ deassertion to IRQ deassertion delay (applicable to level — 100 
triggering only) 
tos: PIRQ minimum assertion width (applicable to edge triggering 90 a 
only) 
tpros’  PIRQ setup (proper level/edge) before AS assertion 50 — 
fan Read data delay from CSEL assertion 6.5T 7.5T +25 
trppima Read data or XVEC c delay from IAKEI assertion (IAKEI asserts 6T — 
7.5T or more after AS) 
taopimx Read data or XVEC delay from AS assertion (IAKEI asserted less = — 13.5T +25 
than 7.5T after AS) 
troyp - RDY delay from CSEL assertion 8.5T 9.5T +25 
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Symbol Definition | 7 Requirements 

tes.’ Minimum RESET low time 200us = — 

tos RESET assertion to DALs three-state | | — 100 

trypiain 4 RDY delay from IAKEI assertion ([AKEI asserted 7.5T or more 8T — 
after AS) | 

trypimx  RDY delay from AS assertion ([AKEI asserted less than 7.5T after — 15.5T +25 
AS) 

tryps DS deassertion from RDY assertion 0 ae 

twese CS<2:0>, WR hold after AS assertion 0 — 

— twess CS <2:0>, WR setup to AS assertion | 15 — 
tea, Write data delay from CSEL assertion : —— 3.5T-5 
two Write data hold after DS deassertion . 20 — 


‘Vp must be greater than or equal to 4.75 V during this period. 

*Maximum time is 100 ns unless a PIRQ line is asserted during a register read or an IACK cycle. In 
these cases the IRQs will be asserted 100 ns after the end of the register read or [ACK cycle. 

>This ensures that the PIRQ signal will be recognized if the bus cycle started by the AS signal is a 
read or interrupt acknowledge cycle. Otherwise the VIC will not recognize the PIRQ signal until 
the bus cycle has ended. 

‘The VIC requires 5T +250 ns after RESET is deasserted to complete its internal reset. The KS 
signal should not be asserted until after this delay. 


Mechanical Configuration | 
The MicroVAX 78516 is available as a 68 pin cerquad surface mount package or socket mount 
package. The physical dimensions of each package is contained in Appendix E. 
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: Virtual. memory DMA (direct memory access) controller, compile with AW X and MicroVAX 


architectures 
« Full 32-bit architecture and implementation 


* Four es programmable channels 





« Peak data transfer rate of 10 Miviealeee | 

«= Maximum DMA transfer length of 1 sibel 

A Maxinra, pO bets via dress ai of 16 Mbytes © - ae ae 
- High-speed CMOS technology 

« Single 5-Vdc power supply 








- Description ede 
The MicroVAX 78532 MicroDMA controller is a high-performance, dual-ported, four-channel 
virtual memory DMA controller. Figure 1 is a block diagram of the MicroDMA controller 
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Figure 1+ MicroVAx 78532 MicroDMA Block Diagnins 


It provides two buses, one for the MicroVAX interface and one for the I/O devices. It iniecheine the 
32-bit MicroVAX bus with high-speed peripheral devices or intelligent I/O subsystems on the 8-, 
16-, or 32-bit I/O bus. The MicroDMA is used for the following applications: 


- For DMA transfers between memory (or devices) on the MicroVAX bus and memory (or devices) 
are the I/O bus 


- For DMA transfers between memory and devices on-the I/O bus. 








- As a window into MicroVAX memory for devices on the yO uur a 
- As an access port to devices on the I/O bus for the MicroVAX. 
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ual memory DMA ‘eeicolles with full VAX £ caoattl, memory } 
management capabilities. It processes address translation for DMA transfers so that this function is _ 
transparent to the user. Page table information is accessed from MicroVAX memory and used 
directly without alteration. The MicroDMA also performs data buffering and byte alignment for 
transfers between the MicroVAX bus.and the I/O bus. _ 


- Pin and Signal Definitions 


The input and output signals and power and ground connections of fhie MicroDMaA controller 132- 
pin package are shown in Figure 2. The signals are defined in the following paragraphs in two 
groups—signals that connect to the MicroVAX bus and signals that connect to the I/O bus. The 
power and ground connections are defined with the I/O bus laaems 
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Figure 2 = MicroVAX 7 8532 Pin ees 
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MictoVAX Bus Interface Signals 

The following lines connect to the MicrovAX Bios ead sincere dare: arict address Sings: Leis eet | 
and status ‘ines, i interrupt control lines, and a clock input line. The bus signals are summarized in 
Table.1. A more detailed. — of. th he ae functions. i is contained. in the following 
ouaaos arse : 


















Table 1 + MicroVAX 78532 MictoVAX Bus Pin a iS Summary 





66-52 DAL<31:00>  inputfoutput Dan a a ron TT pag 
3 pleted lines used to transfer data and address infor 


, inputjoutput | says 1 ie 


ainsi 40) 7 ip ies ve deasserted = he dats is to be L000 
2 Cor baie: Oh ebree ~ Assetted to indicate a reference in the 1/O bus range 
: va leey duced sols PTT Ao -elgo a pete eat register defined by the 





9-6 BM<3:0> input/output pete Se eects the ae of ie 
DAL < 31:00 > lines that contain validdata,. _. 











input/outpatti::: dings Wise to. synchronize data transfers betweer 
are eee le i operatin at: ditions pecans rates ¢ on ate 
Mic: oVAX bus. The current bus master - must. wait 





for the assertion of this signal before t terminating 
3 the cycle and | removing data from the bus. 





(26 ERR input/output Error—Asserted to indicate an error candida | in 
the current MicroVAX cycle. 
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Pin Signal _ Input/Output Definition/Function: we, goabiat nl | | 

13-15 CS<2:0> input/output Control status—Indicates the type of we i 

sates! 5 celia lige, _ performed on the MicroVAX bus. 

22-25 IRQ<3:0> output Interrupt request—Interrupt fecuiest lines ra oe 

devices on the MicroVAX bus that are maskable. 

29 DMR output DMA request—Asserted to indicate that a device on 

| EE lice _ the MicroVAX bus is requesting control of the 
| MicroVAX bus. 
20. DMGI — input , : DMA grant I a to i the 


- MicroDMA controller to become bus master of the 
MicroVAX bus and perform a DMA transfer. 


12 DMGO output DMA grant output— Used only with systems having 
| in : more than one MicroDMA controllers. Asserted 
when a DMA request is to be granted to another 


| | controller i in the daisychain. 
19 TAKEI : input Interrupt acknowledge enable in—Asserted to allow 
| _ the MicroDMA to respond to a MicroVAX interrupt 
- a acknowledge. 
16° TAKEO output Interrupt acknowledge enable out—Asserted when 


-an interrupt acknowledge is to be processed by 
another device in the interrupt daisychain. — 


104 CLKI input) == = ~~ Clock in—A TTL clock input used for timing. 
103 ©. NC | ~ No connection. 
MicroVAX Bus Interface Lines _ 


Data and Address (DAL <31:00>)—These are time-multiplexed bidirectional lines used to 
transfer data and address information between the MicroDMA controller and other MicroVAX bus 
devices such as MicroVAX CPU and MicroVAX memory. The strobe signals AS and DS determine 
whether data or address information is transferred. 

Address Strobe (AS) —The falling edge of the AS signal indicates that lines DAL < 31:00> contain 
a valid address. On the falling edge of AS, the MictoDMA controller latches the address and 
interprets it as. a physical address. If the CSL line is also asserted, the CPU is performing a 
MicroDMA access operation. This access could be to a MicroDMA ener or toa location i in I/O 
bus memory space. Refer to the Access Operations section. — 

If the MictoDMA controller is bus master’ the AS line indicates that lines DAL < 29:02 >) contain a 
valid MicroVAX physical memory address. The DAL<31:30> lines contain a 1 and a 0, 
respectively. 

The falling edge of the AS signal also indicates that the information j is valid on the BM<3:0>, 
CS<2:0>, ana WY Felines: | 
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or write cycle. Dur: ing a read ie the falling cde of DS signal indicates that the DAL< 31:00> 
lines are available to receive data and the rising edge indicates that the data is about to be latched. 
ring a write cycle, the falling edge of the DS signal indicates that data is present on the 
DAL< 31:00> lines and the: rising — indicates that the dasa is s about to be removed. 

Byte Masks (BM < 3:00 byte 

valid dringthe coment ata ranae Duri gaw 




















information of ‘lines BMS: TS is valid ie ling ng edg 





assignments are shown i in Table 2. 





Write (WR WR)—This signal specifies the divers of data transfer on lines DAL< 31: 00> for the 
current bus cycle. When asserted, the current bus master transfers data on the I lit 
during the data transfer portion of the cycle. When WR is not asserte: 









erted, an exertal device sippties 
the data during the data transfer portion of the cycle or lines DAL< 31:00> do not contain n data. 
rane ney be ceed iy exten ee irection 0: is tran : 
WR input is valid on the asain ng 





the DBE signal to enable the ar ten cin es ma deaseerts DBE to disable them. 


Ready (RDY)—This signal is asserted by external logic to indicate that it will complete the current 
bus sae When not t aasetted, it iene ashen current om yC e efor a slower nese: or peripheral 
= RR: bg) ot a 7 | a - “ie art, A: ; 4 co ae ¥ Ty at bus cy e 





y aa aerial lic to indict tat an error associate 
with the current bus cycle, s such as bus timeout or parity error, h has occurred and to-end the current 
bus cycle. The ERR or RDY signal must be asserted to end the current bids mide If the MicroDMz 
is bus master and detects the assertion of the ERR signal, it ends the bus cycle, interrupts th 
MicroVAX CPU (if enabled), and records the. error. The MicroDMaA asserts the ERR signal if an. HO 
bus error (TERR) signal is detected during an access transfer. 


Control Status (CS<2:0>)—The MictoDMA uses these lines together with the WR input’: to 


recognize and respond to the type of bus cycle currently in progress. Table 3 lists the bus cycle 
selections. 


Bus Error (E @ RR) —This a is auaedl by 
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nation for the data transfer portion of a read | 





_ Table 3 MicroVAX 78532 Bus Cycle Selection 





Write 


Cs line oF pee me weer 8 7 - ae pe "Bus Cycle ‘iype- 
WR 2 , i: 0 | 
1 0 0 0 deserved 
1 0 0 i ‘reserved 
1 0 1 0 | | reserved. : 
1 0 1 1 - interrupt acknowledge 
1 1 0 0 -readinstruction — 
1 1 0 1 read lock* 
1 1 1 0 read data, modify intent 
1 1 as ye read data, no ody. intent* 
0 0 0 0 reserved ne oe 
0 0 0 1 reserved 
oO 0 1 0 reserved 
0 0 1 1 reserved 
0 1 0 0 reserved 
0 1 0 1 write unlock* 
0 1 1 0 reserved 
0 1 : 1 I write* 
*Used by MicroDMA as bus master. 


MicroVAX Bus Interrupt Control | La fae 
Interrupt Request (IRQ < 3:0> )—These I lines are used by the MicroDMA to interrupt the 


-MicroVAX CPU. The vectors associated with these interrupts are provided to the MicroDMA by 
‘MicroVAX system software. The interrupt request assignments are listed in Table 4. 


Table 4 MicroVAX 78532 REE Request Aesienauiiia 











IRQLine > | Interrupt Level 
TROD a a ee ao 

Oi | LIS. 
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_IACK Enable Input (AKEI)—This signal is asserte 
MicroVAX interrupt i a The interrupt tcknoedge lines of the e WO d devi es. 
MicroVAX bus are connected i in daisychair TAKE Wod 





icroDMA conti éller takes comteal of dic 
isychain if more than one DMA 


e DMGI line of the highest priority 
YMA request pending, it asserts its 
t DMA Ser line A MOUONA controller 
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85-101 


10-113, TIR<3:0> 


106-109 TIR<3:0> 


122 IDS 


124 IDBE 


121-118 IBM<3:0> 


67-82 ‘WDAL<:} at: 00> -impuvfourpt 


input 


input 


input/output 


_. input/output 


Data aba pide ins <31:00> Time caio 
lines used to transfer data and address information 
between the MicroDMA and. sii on _ bad bos 


i that a eviog’ on the 11(e) bas requires service. Tiny’ 


ITR <3:0> corresponds to channel 3 ‘through 0, 
respectively, ‘ 


I/O interrupt request—Interrupt request lines for I/O. 


 bus:devices. Lines IIR <3:0> corresponds to channel 
3 through 0, a ets ined’ to terminate a 


DMA transfer. 
1/ oO address strobe—Asserted to indicate that the 


IDAL < 31: 00 > lines contain valid data. 


_ I/O data strobe—Asserted during a ad ae to indi 
cate that the IDAL<31:00> lines are available. to 


receive data and deasserted to indicate that the data has 
been received. Asserted during a write cycle to indicate 
that data is present on the IDAL<31:00> bees: ane 


: ~. deasserted to.indicate that data is to be. removed. 


: input/output 


input/output 


input/output 


“I/O write—Specifies the di 
the IDAL< 31:00> lines. Assérted to indicate that the 


I/O data buffer enable—Asserted: to. ‘enable the — 
~ IDAL<31:00> transceivers. pag © 


I/O byte mask—Specifies the eae on the 
IDAL < 31:00 > lines that contain valid data. 





ection of data aanuede on 


current bus master will be the source of the data. Can 
be used to control the direction of the IDAL<31:00> - 
lines. 





30 TERR 
29 + IDMR 
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~ input/output 


input/output 


input/output 


» Yo eady—_Used to synchroliine data ae D 


‘tween 
devices operating at different transfer rates on the I/O 
bus. The current bus master must wait for the assertion 
of this line before terminating the cycle and removing 
the data. 





I/O error—Asserted to indicate an I/O bus error condi- 
tion. In the window mode, it also may indicate a 
MicroVAX bus error. 


I/O DMA request—Asserted to indicate that a device 
on the I/O bus is requesting mastership of the I/O bus. 
The transfer could be I/O DMA, DMA, or I/O access. 
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i a iS ae vObusm omni 
al DMA transfer to.occur. 





128 ICLKO output 1/O clock ak clock oie output at one-fourth 
of the | Gal ra on 


32,101 Von : eH input - xi : 4 9 0 Jo t — Powe. : upply voltage. _ 


83,117 
30 | 








viidchs: ‘The niche sig 


information. sie PET acl Cs <igisa aerial 2s 
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1/O Address Strobe ([AS)—If the MicroDMA is as master, it uses the IAS signal to indicate that 
the IDAL<31:00> lines contain valid address information and that the information on 
IBM<3:0> and IWR is also valid. The TAS fine} is used iby external circuits to latch this address and 
to qualify the control signals. 

If the MictoDMA is not bus master, the falling dik of the IAS signal causes the MictoDMA to latch 
the address and control information to determine whether a window transfer is indicated. If a 
window transfer is not specified, the MictoDMA does not participate in the cycle. If it is specified, 


_ the MicroDMA participates in the cycle by performing mapping (if required) and by asserting the 


TRDY line when the transfer is complete. 


1/O Data Strobe (IDS) —This signal provides timing information for the data ee portion of an 
1/O bus read or write cycle. During a read cycle, the falling edge of the IDS signal indicates that the 
MicroDMaA is ready to receive data and the rising edge indicates that the data has been latched by 
the MicroDMA and can be’ removed. During a write cycle, the falling edge of the IDS signal 
indicates that the MicroDMA has placed valid data on the IDAL lines and the rising edge indicates 
that the data is about to be removed. 


1/O Byte Masks (IBM <3:0 >)—These signals indicate which bytes of the IDAL< 31:00> lines 
are valid during the current data transfer. During a write cycle, the IBM<3:0> lines specify the 
bytes that contain valid data for writing: During a read cycle, the IBM<3:0> lines specify the 
DAL < 31:00 > lines that must be supplied with valid data by an external device. The information 
on the IBM<3:0< lines is valid on the falling edge of the TAS signal. 


The validity of the bytes also depends on the width of the current data cen le the current 
transfer is 1 byte wide, the information on the IBM <3:0> lines is not significant because a byte is 
transferred only on the IDAL<07:00 > lines. If the current transfer is 2 bytes wide, the 
IBM <3:0> lines specify whether lines IDAL<15:08> and/or IDAL<07:00> contain valid 
information. If the current transfer is 4 bytes wide, the valid bytes are specified by IBM<3:0>. 
Table 6 lists the I/O bus byte mask assignments. 





Table 6 = MictoVAX 785 32 Tes Bus Byte Mask Assignments 
1/O Byte Mask Line | 
Valid Data — 


BMS DAL 31:24 
IBM2 IDAL < 23:16> 
JBM1 | 7 - IDAL<15:08> 
IBMO IDAL <07:00> 


I/O Write (IWR)—This signal specifies the direction of data transfer on the IDAL<31:00> lines 
for the current bus cycle. When the IWR signal is asserted, the current bus master drives the lines 


during the data transfer portion of the cycle: When the IWR signal is not asserted, an external 


-may be used by external logic to control the dire 


device supplies the data during the data transfer portion of the cycle or the lines are idle. This signal 
irection of the IDAL< 31:00> transceivers. The IWR 
information is valid on the falling edge of the IAS signal. 
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IDAL<31: 00>. ranscei sei 
t asserted hes outputs of the transceiver or buffer are disabled. 








norms phenente The signals inv Sas red. : 
device requires ar acknowledgment signal. 


Interop Reset f from /0 Device Ms OS 5 Ti ~ we 





jeri ition set, coumed tbe ine sp = a we! d must be cleared before the channel can be 
enabled again. . | : 


VO shen c= OOH _ _ 







diy comatcibibnipactiChonioes 
When the MicroDMA is not the default Sak naire it asserts t 
local memory transfer or a transfer to a peripheral register. won 
1/O DMA Grant (IDMG)—This signal is asserted by the current bt master in Phone to the 
IDMR signal. It indicates that the bus master has released the I/O bus and that bus o hip n 
now be assumed by another device. 








Mica Bi Control 






c AX Bus | equest (VBR)—This si signal 3 ; asserted Cy an YO processor to control th 
transfer. It is used to avoid a conflict when the 

MicroVAX CPU accesses the yO bal at tei same time an n Y/O pr cessor is to perfc vi 
transfer. When asserted, the MictoDMA requests c contra of dl the MicroVAX bus, and asserts the 
JBG signal when control of the MicroVAX bus is granted. The I/O proc dd | 
VBR signal as soon as window transfer is complete i in order to preserve the system thro 1 re put. 
MictoVAX Bus Grant (VBG)—This signal i is asserted by the MicroDMA in response to the 
assertion of the VBR signal. It informs an I/O processor that control of the MicroVAX bus has been 
acquired and that the I/O processor may proceed with a window transfer. 
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1/O Bus Register Access (IF TREG)-—~ This signal is asserted by an I/O processor to‘access a MicroDMA | 
internal register. It-is asserted during the address portion of an I/O:bus cycle to indicate that the 
information on the IDAL<08:00> lines should be i interpreted as a’ a address. It emai ai 


deasserted at the end of the cycle. 


I/O Processor Interrupt (IOPINT)—This signal is ee sic any of the: MicroDMA. haisidl 
initiates an interrupt to an I/O processor. Because more than one channel may interrupt at the same 
time, the I/O processor must poll all the channels to. determine the highest priority interrupt. The 
I/O processor software deasserts this signal by setting the ENABLE bit or clearing the DONE bit — 
of the channel control register of the interrupting channel or by redirecting the interrupt f to 
the MicroVAX CPU. 


MicroVAX Bus Lock (ILOCK)—This signal is asserted by an I/O processor to create ‘locked 
MicroVAX bus cycles during a window reference. During window read and write operations, 
asserting this signal causes MicroVAX memory read and write operations to be performed with a 
code of 101 on lines CS <2:0> (read lock or write unlock). 'The MicroDMA continues to assert the 
DMR line while the ILOCK signal is asserted, but does not assert the read lock code while accessing 
the page table information sai aed the window access. It does: not checks thes se a of reads 
and writes. : i: BOE ! ae 
Miscellaneous Signals | ; — 
I/O Bus Master (IMASTER)-—_When sisted the MicroDMA becomes bas master of the YO bi 
by default and it responds to the assertion of the IDMR IDMR signal by asserting the bg line and ssl 
releasing the I/O bus. Z 

Chip Select (CSL) —This signal is liad bi the escrcial stlosic to allow the MicroVAX ( CPU to access 
the I/O bus or a MicroDMA internal register. When asserted, the information on the 
DAL <23:00> lines is interpreted as an I/O bus physical address if lines DAL < 23:09 > are not all 
zeros or the information on lines DAL<08:00> are interpreted as an internal register address if 
the DAL< 23:09 > lines are all zeros. 


Reset (RESET)— When asserted, this signal sets the MicroDMA to a specified initial state. . 


Test (TEST <1:0>)—Reserved for manufacturing use. If Test0'is asserted, all outputs will be 
forced to.a high-impedance state. Test < 1:0> contains an internal pull-down circuit. | 


1/O Bus Clock sti as (ICLKO)—A clock se, tl at =e of the CLKI Senos 














Power ne Ground Csincetinns 
Voltage (Vp) —5-Vdc power supply. 
Ground (V,;)—Ground reference. 


- MictoDMA Controller Operation 


The MicroDMA controller is a multipurpose interface that can be used between the MicroVAX 
processor and a compatible 32-bit I/O bus for peripheral devices or controllers. The MicroDMA has 
four independently programmable channels through which DMA, window, and I/O bus data 
transfers can be performed. The four channels are assigned a fixed priority with channel 0 having 
the highest priority. Devices that transfer data at the highest rates or memory transfers should be 
assigned the lowest priority channels to allow the slower devices to access the bus. This section 
briefly describes the characteristics of these transfers and the other major. functions of the 
MicroDMA. | 
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“IN| MicroDMA > 
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canis y. Window vaanitet ise the devices to access s buffers and to —- oe work ate ir 
ry The  lonatienn ond size of a. windows are de! nah 1b leinati 








indepeadehily of ott a activities sales may o¢ cisio the MicroVAX bu: 7 

allows the I/O bus memory to be used as a large buffer for data rate smoothing. The I/O bus memor 
can be filled by a channel in I/O DMA mode while another channel in DMA A tide aaikers ie date 
to MicroVAX memory. I/O DMA transfers do not involve address translation or data realignment. 


Access Operations 

The MicroDMA controller allows the MicroVAX CPU to access , memory and devices on the I/O bus 
similarly to devices directly connected to the MicroVAX bus. These access operations are 
performed by the user application and define a region of MicroVAX physical address space as an I/O 
bus access range. When a range is referenced, an access to one or more equivalent locations on the 
I/O bus is performed. Access operations may occur in parallel with channel operations such as 
DMA, window and I/O DMA transfers. During access operations, data packing and unpacking is 
performed and address translation or realignment is not performed. 


Confidential and Proprietar 1-121 














Data Realignment—Data in MicroVAX memory or I/O memory can be accessed on arbitrary byte 
boundaries. The realignment can occur as part of a DMA or window transfer. During realignment a 
data byte, word, or longword on one bus i is buffered by the MictoDMA and shifted for proper 
alignment on the other bus. 


Data Buffering—The MictoDMA provides a bute of two longwords per etirtel to improve DMA 
transfer speed and efficiency. The data from a device on one bus can be read and buffered until the 
device on the other bus is ready to accept the data. The buffer can also be used to convert bytes and 
words from the I/O bus into longword data for the MicroVAX bus. This improves the speed of 
MicroVAX bus transfers. During realignment, the buffer is used to hold data temporarily that is to 
be realigned. : 


Data Packing and Unpacking—Data packing and unpacking is used. fot ive and word DMA 
transfers and access operations. It asembles or separates data between the MicroVAX and I/O bus. 
Data packing is performed to arrange byte or word data into longwords for the MicroVAX bus. Data 
unpacking separates longwords into bytes and words for the I/O bus. 


Address Translation 

The MictoDMA performs virtual to physical address translation for DMA and window transfers if 
mapping is enabled for the channel involved in the transfer. The MicroDMA uses page table 
information stored in MicroVAX memory and maintained by MicroVAX system software. This 
information includes the system page table (a collection of page table entries contiguous in physical 
memory), the process page tables (a collection of page table entries contiguous in virtual memory), 
and the global page table used to describe shared pages. 


Bus Interfacing 

The MicroDMA controller prevents different activities between the buses from interfering with 
each other. The controller appears as a DMA peripheral device on the MicroVAX bus. It requests 
and relinquishes the bus through the DMA request and grant logic. The bus interface uses signals 
with the same timing characteristics as those used for any other MicroVAX bus device such as 
MicroVAX memory. | 


The controller appears as an I/O processor or CPU on the VO bus. The I/O bus supports the 
simultaneous use of 8-,16-, and 32-bit devices and has an sae aie similar to that of the 
- MicroVAX bus. : : 


The MicroDMA may operate as a master or a have on either bist Therefote, shi bus aie signal 
AS (address strobe), for example, can be used as an input or output. Table 7 summarizes the 
MicroDMA operations. It specifies operations for which the MicroDMA is bus master and shows 
the source and destination buses for each. MicroDMA internal registers can be accessed from either 
the MicroVAX bus or I/O bus. > | - Gas 
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Bus Source 





Data Data 
Operation Master Bus Alignment Packing 
DMA ce | 
Transfer MicroDMA MicroVAX/IO IO/MicroVAX Yes Yes Yes 
Window | os | | 
Transfer  IOP* IO/MicroVAX MicroVAX/IO Yes | Yes No 
YODMA ee ie 
Transfer MicrcoDMA IO IO | No No | No 
Access ge ae icine af 
Operation MicroVAX - MictoVAX/10 IO/MicroVAX No No Yes 


*IOP= ee fe) device or I/O processor. 


The MicroDMA controller contains 63 byte. addressable, user-acsessible registers. The MicroDMA 
controller contains one set of global registers that defines the overall state of the MicroDMA 
controller and four sets of channel registers that define the state of each channel. The registers may 
be accessed from either the MicroVAX bus or the I/O bus: 


The registers occupy a 512-byte region in MicroVAX I/O address space. The base address of this 
region is defined by the user and must begin on on a 16-Mbyte boundary. The user’s application 
decodes lines DAL< 31:00> and asserts the CSL line when an address in the register region is 
referenced. When CSL is asserted, the information on the DAL<08:00> lines is interpreted as a 
register address if the DAL<23:09> lines are all zeros. If DAL<23:09> are not all zeros, the 
information on DAL< 23:00> is interpreted as an I/O bus address and an I/O access cycle will be 
performed. (Refer to Access Operations.) The addresses associated with the global registers : are 
listed in Table 8. Table 9 lists the addresses enanes to the channel registers. 


Table 8 « MictoVAX 78532 Global Registers Add 








ress Assignments 
Address* Read/Write | 
(hexadecimal) = § Mnemonic  @/W) ~—__s Description 
000 DGCTIL | RW on », ye Global Control Register 
004 aa DSBR | | a RW 2 — i System Base Register 
008 | oe | | RW F : } Global Base Register 
00C-03C | Reserved 


*Register addresses must appear on the DAL<08:00> or IDAL<08:00> lines. References to 
reserved addresses will cause unpredictable results. Some registers have more than one function 
depending on the current operational mode of the MicroDMA controller. 
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Table 9 = MictoVAX 78532 Channel Registers Address Assignments 


Address* | Read/Write | 

ChO Chl Ch2 Ch3  Mnemonict R/W Register} | 

040 080 O0CO 100 DCCTLx RW DMA Channel Control 

044 084 0C4 104 ae Reserved | 

048 088 O0C8 108 DCINTx RW DMA Channel Interrupt Vector 
04C 08C OCC 10C DCIOBAx RW DMAI/O Base Address | 
04C O8C OCC 10C DCIDSx RW | DMA I/O Source Address 

050 090 ODO 10 DCIBCx RW DMA Initial Byte Count 

050 090 ODO 110 DCWMx RW - Window Mask (window) 

054 094 OD4 114. DCBOx RW Byte Offset (mapping on) 

054 094 OD4 114 DCUPAx RW MicroVAX Physical Address (no map) 
058 098 OD8 118 DCSPTEx RW SVAPTE Register (DMA, window) 
058 098 OD&S 18 DCIDDx RW ~ I/O DMA Destination Address 
060 OAO OEO 120 Dccsvx R Current System Virtual Address of PTE 
064 OA4 OF4 124 DCIOAx R Current 1/O Bus Address 

068 OA8 OE8 128 DCBCx R Current Byte Count — 

06C OAC OEC 12C. DCPTEx R Current Page Table Entry _ 

070 OBO OFO 130 DCPAx R Current Physical Address 

074 OB4 OF4 134 Reserved 

078 OBS OF8 138 | Reserved 

07C OBC OFC 233C Reserved 


*Hexadecimal notation. Register addresses must appear on the DAL<08:00> or IDAL<08:00 >* 
lines. References to reserved addresses will cause unpredictable results. 

tx = Register designations 0, 1, 2, or 3, depending on channel number. 

¢Some registers have more than one function depending on the current operational mode of the 
MicroDMA controller. 


To access a register from the I/O bus, the user’s application decodes IDAL <23:00> and asserts 
the IREG signal to indicate a register access. The MicroDMA interprets the IDAL<08:00> 
information as a register address. The I/O bus write access to the registers is controlled by bit 10 in 
the DGCTL register, the value of which is usually determined by MicroVAX system software. 
DMA Global Control Register—The DMA global control register (DGCTL) is used to control, 
configure, and determine the global status for the MicroDMA controller. The format of the register 
information is shown in sas 4 and defined in Table; 10. 
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111009 050403020100 


MWE — EBLIM 


Figure 4 « MicroVAX 78532 DMA Global Control Register Format 


Table 10 « MicroVAX 78532 Global Control Register Description : 





Bit 
31 


30:24 


23:12, 


Description 


DEAD (Deadlock)—A read-only bit that is set to indicate that a deadlock situation 
existed in a previous I/O bus access operation. Cleared during a reset operation or 
by writing a one to this bit. 

Not used (read as zeros). 


VID (Version identification) —A read-only field that contains the version number 
_ of the MicroDMA chip. For the initial version of this chip, the number is 00000001. 





10 


MWE (Maintenance write enable)—Setting this read/write bit enables writing to 
any register including the read-only registers. It is intended for diagnostic and 
manufacturing test usage only. The status/error bits cannot be set when this bit i is 
set. Cleared during a reset operation. ae. : 


IOWE (I/O bus register write enable)—A read/write bit s set to ‘enable an 11/0 device 
to write data to a channel register. When cleared, a write to external registers will be 
ignored. Cleared during a reset operation. 





9:5 


4:3 ~ ; 


_ prevents the MicroDMA from asserting DMR 


th Gin ie er ofa DMA are 
{ (bit 1) is set. Cleared during a reset operation. 


WID (Width)—A read/write field that specifies the data width of 1/O bus access 
operations as follows. These bits are cleared during a Teset t operation. 





BLIM (Burst lirait) Specifies the maximum len 
on the MicroVAX bus when EBLID 





WID Bits Data Width 
04 03 

O%. 0  . 1byte. 

0 1 1 byte 

1 0 2 bytes © 

1 1 4bytes 


DEN (DMA A read/write bit that must a set to “le the MicroDMA 
controller to perform DMA transfers on the MicroVAX bus. Clearing this bit 





.. Cleared during a reset operation. 


EBLIM (Enable burst limit) —A eae bit. When set, BLIM (bits 9:5) define 
the maximum length of a.DMA burst. When clear, the DMA burst length is 
unlimited. Cleared during a reset operation. 


RESET—A read/write bit that is set to initiate a reset Gperation that forces the 
MicroDMaA to a known initial state. ae lis bit has the'same effect as asserting 
the RESET input. ~ 
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DMA System Base Register-—The DMA system base register (DSBR) is used in address translation 

and contains a copy of MicroVAX system base register which is the physical address of the base of 

the system page table. Refer to MicroVAX 78032 CPU in this databook for more detailed 

information on the MicroVAX system base register. The DSBR must be loaded by MicroVAX system 

software before any address translation occurs so that MicroVAX memory will not be corrupted. 
' The format of the register information is shown in Figure 5 and defined in Table 11. 


313029 020100 





Figure 5 = MicroVAX 78532 DMA System Base Register Format 


Table 11 = MicroVAX 78532 DMA System Base Register Description 
Bits Description 


31:30 Not used (read as zeros). 

29:02, SBR (System base register) —Contains the physical longword address of the system 
| page table. The same as bits 29:02 of the MicroVAX system base register. 

01:00 Not used (read as zeros). 


DMA Global Base Register—The DMA global base register (DGBR) contains a copy of the 
information in the MicroVAX global base register. It is used by the MicroDMA during virtual-to- 
physical address translation to locate the global page table that describes the shared pages in system 
virtual memory. The register must be loaded by MicroVAX system software before any virtual DMA 
activity so that MicroVAX memory will not be corrupted. The format of the register information is 
shown in Figure 6 and defined in Table 12. 


313029 | 02 0100 





Figure 6 = MicroVAX 78532 DMA Global Base Register Format 


. Table 12 » MictoVAX 78532 DMA Global Base Register Description 
Bits Description 


31:30 Not used (read/write). | 

29:02 GBR (Global base register)—Used to locate the stobal: page table in the system 
| virtual memory. The same as bits 29:02 on the MicroVAX sido base register 

01:00 Not used (read as zeros). 
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DMA Channel Control Registers (0-3)—The four channel control (DCCTLO through DCCTL3) 
registers, one for each channel, are used to control, configure, and determine status for the four 
channels. Three translation error bits are used for system, process, and global translation errors. 

Translation errors can occur when a bus error is detected while fetching a page table entry, by an 
invalid page table, and by a global page table entry that leads to another global page table entry. 

The cause of errors is indicated only by the error bits that define the location in the translation 
process in which the error occurred. For example, if the error occurred during the global part of 


translation, then the global error bit will be set. The format of the register information is shown in 
Figure 7.and defined in Table 13. , 


313029282726 2429232! ~ 18171615141312111009080706050403020100 


| 
’ | | 
« 5 a om oi: ! 


cte| | ine Done] PHYS | NXTCH|!10P| CTM | MODE| Ie [ENABLE 
ERR IPTE] VBE 101 IPR CHAIN TO! WIDTH DIR TERM 
ISPTE 


Figure 7» MicroVAX 78532 DMA Channel Control Registers (0-3) Format 








tbe Dewi eee mat Semicon Registers (0-3) Description 





Bits Description. 


5) ERR (Error) —A aa Ga set. t to indicate that an error ae Ey in a channel 
a operation when any of bits. 30:26 are set. Cleared during a reset operation, by 


writing a 1 to this location, or by setting the ENABLE (bit 00). 








30. &. _GTE (Global translation error) —A. read-only. bit set to aed that an error 
occurred during an address translation involving global page tables. The ISPTE and 
__ IPTE bits indicate where in the process the error occurred Cleared during a reset 

operation by writing alto this location, or when the ENABLE (bit 00) is set. 








29 | IPTE (Invalid process page table. entry) —A. tead-only, bit set to indicate that an 
invalid process page table entry has been fetched. Cleared during a reset operation, 
by writing a 1 to this location, or by: setting the ENABLE (bit 00). 





28 * | ISPTE (Invalid system page table entry bit)—A. read- only bit set to indicate that an 
_ invalid system page table entry has been fetched. Cleared during a reset operation, 
by writing a 1 to this location, or by setting the ENABLE (bit 00). 


27 VBE (MicroVAX bus error)—A read-only bit set to indicate that a bus error 





occurred on the MicroVAX bus during a DMA transfer on this channel. Cleared 
during a reset operation, by writing a 1 to this location, or by setting the ENABLE 
(bit 00). 


26 IBE (I/O bus error)—A read-only bit set.to indinate that a bus error occurred on the 
I/O bus during a DMA transfer on this channel. Cleared during a reset operation, by 
writing a 1 to this location, or by setting the ENABLE (bit 00). 
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Bits 
25:24 
23 


22 


21:18 
17 


16:15 


14:13 
11 


09:08 
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| Description 


Not used (read as euro). : F uy 
DONE—A read-only bit set to indicate that the current channel operation has 


terminated. Cleared during a reset aaa when written to a 1 or when ENABLE 


(bit 00) is set. 


IOI (I/O interrupt)—A read/write bit set to 5 indidate che the TIR line for this 
channel has been asserted. If the TOI (bit 10) is also set, the current transfer will 
terminate. Cleared during a reset operation or when ENABLE (bit 00) is set. 


Not used (read as zeros). 


PHYS (Physical) —A read/write bit set to disable the address translation for this 
channel. The contents of the DCSPTEx register are ignored and the contents of the 
DCUPAx register are used as the first physical byte address of the transfer. 


IPR (Interrupt priority)—Read/write bits that specify which IRQ line is asserted if a 
channel error occurs or when a DMA operation terminates as follows: 


IPR Bits IRQ Line 


16 65 

0 oOo RO 
0 1 IRQI 
1 0 IRQ2 


1 see a IRQ3 


NXTCH (Next channel)—Readjarite ne that nia the aaber of the next 
channel to be enabled in a chaining operation when CHAIN (bit 12) is set. 


CHAIN—A read/write bit set to start a transfer on the channel specified by 
_ NXTCH channel number when the current transfer terminates without error. 


IIOP (Interrupt I/O processor)—A read/write bit when set and IE (bit 02) is set, it 
causes the channel interrupts to be directed to an I/O bus processor when the 


-JOPINT signal is asserted. When cleared and IE (bit 02) is set, the channel 
_ interrupts are directed to the MicroVAX CPU as determined by the IPR line. 


‘TOI (Termination on interrupt)—A read/write bit set to terminate DMA transfers 
on this channel upon the assertion of the ITRsignal for this channel. 


‘CIM ( (Count mode)—Read/write bits that determine whether addresses on the 


MicroVAX bus and/or I/O bus will remain the same or be incremented for data 
transfers on this channel. MicroVAX bus addresses are incremented by 4. The I/O 


bus addresses are incremented according to the data width of the I/O device 


involved in the transfer. 


CTM Bits  MicroVAX Bus | ae 1/O Bus. 

09 ‘08 °° Address = © | Address 

0 oO same — same 

0 1 same _ incremented 
1 0. -incremented same _ 
Merge 


.. incremented 4° incremented 
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Bits : ; ; D i * 
07:06 DT} —Bead{write bits that specify the data awa of the yO device associated 





vith the channel as follows: 
Data Width 








05:04 MODE (Mode eld) —Readfwrie | bits that eh Fe pension mode of the 

channel. — 

MODE Bits Gpcsaiinal Mode 

05 04 

O°: -..,.0 illegal 

eee Gears YO DMA. : 

Bo keene: sci DMD Sersciqiiae 3 
03 DIR (Direction)—A ae bit that specifics the anes of a data transfer in 


DMA mode. Set to specify a transfer sbi the Os to the MicroVAX bus. Cleared 





the MicteVAX ‘bus a and yo bus.} Must be set before ot or at the same time ENABLE (bit 
00) is set. Cleared during a reset operation to immediately disable all channel 
interrupts. 





01 —«CTERM (‘Terminate)—A read/write bit, set to force the termination of the current 
i : channel operation, but allows buffered _ to nee jwltten: leased is a reset 
: ing gS ENABLE _ ie | ! 








of this register and. to configu: na . 
a reset operation to immediately bt the current ¢ 
data is lost. 





ordi oo Blk 17:03. Cleared ausitg 
channel operation. Any buffered 





DMA Channel eee oeacines (0-3)—The gael sie cane vector ‘ (DCINTO through 
DCINT3) registers contain the vector value used by MicroVAX CPU to process interrupts related to 
the operation of the channel.. The priority of the interrupt is specified by the IPR field of the 


register. The format of the register information is shown in Figure 8. 








| re Z ae ee 1009. 020100. 





Figure 8 MicroVAX 78532 DMA Channel Interrupt Registers (0-3) Format 
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DMA I/O Base Address Registers (0-3)—The DMA I/O base address (DCIOBAO through 
DCIOBA3) registers contain the base address of the device or memory on the I/O bus that will 
participate in a DMA transfer on this channel. When the DMA transfer is started, the register is 
copied into the DCIOAx register which may be modified during the transfer. The DCIOBAx 
register information may be used in subsequent transfers or in chaining operations. The format of 
the register information is shown in Figure 9. 


31 2423 : 00 





BASE ADDRESS 


Figure 9 = MicroVAX 78532 DMA I/O Base Address Registers (0-3) Format 


DMA I/O Source Address Registers (0-3)—The DMA I/O source address (DCIDSO through 
DCIDS3) registers contain a 24-bit physical I/O bus address that specifies the source of an I/O DMA 
transfer. This address may be associated with a peripheral device or the start of a memory buffer in 
I/O bus memory. The format of the register information is shown in Figure 10. 


31 2423 00 





SOURCE ADDRESS 


Figure 10» MicroVAX 78532 DMA I/O Source Address Registers (0-3) Format 


DMA Initial Byte Count Registers (0-3)—The initial byte count (DCIBCO through DCIBC3) 
registers contain the initial byte count for a DMA or I/O DMA transfer. When the transfer is started, 
the register information is copied into the DCBCx register where it is decremented as the transfer 
proceeds. The maximum DMA transfer length is 1 Gbyte and the maximum I/O DMA transfer 
length is 16 Mbytes. The format of the register information is shown in Figure 11. 


313029 00 





Figure 11 « MicroVAX 78532 DMA Initial Byte Count Registers (0-3) Format 


DMA Window Mask Registers (0-3)—The DMA window mask (DCWMO through DCWM3) 
registers are used during window mode data transfers to help determine where in MicroVAX 
memory a window mode transfer will occur. Refer to the Window Transfers paragraph for more 
information. In window mode, the register information is logically ANDed with the address on the 
I/O bus to specify an offset within the window. The format of the register information is shown in 
Figure 12. | | 7 — 
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313029 2423 | _ 00 





_ Figure 12+ MicroVAX 78532 DMA Window Mask Registers (0-3) Format 


DMA Byte Offset Registers (0-3) —The DMA byte offset (DCBOO through DCBO3) registers are 
used with the DMA system virtual PTE (DCSPTEO through DCSPTE3) registers to determine a 
memory location where a mapped DMA buffer or MicroVAX window ‘starts. The register 
information is used to find the physical address of the first (base) page of the transfer. Each register 
contains an offset (in bytes) that, when added to the base page address, specifies the physical 
address of the first byte of the buffer or window. Refer to the Address Translation paragraph for the 
use of these registers. The format of the register information is shown in Figure 13. 





Figure 13 » MicroVAX 78532 DMA Byte Offset Registers (0-3) Format 





DMA MicroVAX Physical Address Registers (0-3)—The DMA MicroVAX physical address. 
(DCUPAO through DCUPA3) registers contain the base physical address in MicroVAX memory for 
unmapped transfers in DMA and window modes. For unmapped DMA mode transfers, this register 
specifies the physical address in MicroVAX memory at which a DMA transfer will begin. For 
unmapped window mode transfers, an offset is added to the contents of these registers to 
determine the starting address of the transfer. The offset is obtained by ANDing the address on the 
I/O bus with the DCWMsx register. The format of the register information is shown in Figure 14. 





_ Figure 14 = MicroVAX 7 8532 DMA Physical Address Registers (0-3) Format 


DMA System Virtual Address PTE Registers (0-3)—The system virtual address PTE (DCSPTEO 
through DCSPTE3) registers contain the system virtual address of a page table entry. The page table 
entry points to the base address of the page at which a mapped DMA buffer or window begins. An 
offset (expressed as a number of bytes) contained in the DCBOx register is added to the base 
address to specify the address of the first byte in the buffer or window. The format of the register 
information is shown in Figure 15. 
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313029 | | 00 





Figure 15 = MicroVAX 78532 DMA System Virtual Address PTE Registers (0-3) Format 


DMA I/O Destination Address Registers (0-3)—The DMA I/O destination address (DCIDDO 
through DCIDD3) registers contains a 24-bit physical I/O bus address that specifies the destination 
of an I/O DMA transfer. This address may be associated with a peripheral device or the start of a 
memory buffer in I/O bus memory. The format of the register information is shown in Figure 16. 


Figure 16 » MicroVAX 78532 DMA I/O Destination Address Registers (0-3) Format 





DMA Current System Virtual Address PTE Registers (0-3)—The current system virtual address 
PTE (DCCSV0 through DCCSV3) registers contain the system virtual address of the page table 
entry currently being accessed. If a translation error occurs (for example, when a page table entry is 
invalid), the system virtual address of the erroneous page table entry is in this register. These 
registers are read only. The format of the register information is shown in Figure 17. 





CURRENT SVAPTE 


Figure 17 « MicroVAX 78532 DMA Current System Virtual Address PTE Registers (0-3) Format 


DMA Current I/O Bus Address Registers (0-3)—If an I/O bus error occurs, the DMA current I/O 
bus address (DCIOAO through DCIOA3) registers contain the I/O bus address associated with the 
error. These registers are read only. The format of the register information is shown in Figure 18. 


Figure 18 « MicroVAX 78532 DMA Current I/O Bus Address Registers (0-3) Format 
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DMA Current Byte Count Registers (0-3)—The current byte count (DCBCO through DCBC3) 
registers contain the byte count for the transfer currently in progress. It specifies the number of 
bytes remaining in the transfer. These registers are tead only. as format of the register 
information is shown in Figure 19. : 


313029 tt a - eer een, 





 BYTECOUNT 


Figure 19+ MicroVAX 78532 DMA Current Bye Count Registers (0-3) Format 


DMA Current Page Table Entry Registers (0-3)—The DMA current page. table entry (DCPTEO 
through DCPTE3) registers contain the page table entry currently being accessed. If a transla- 
tion error occurs due to an invalid page table entry, the erroneous page table entry can be found in 
these registers. These registers are read only. The format of the register information i is shown 1 in 
- Figure 20. . , a 





PAGETABLEENTRY © 


Figure 20+ MicroVAX 78532 DMA Current Page Table Entry Registers (0-3) Format 


DMA Current Physical Address Registers (0-3)—If.a MicroVAX bus error occurs, the DMA current 
physical address (DCPAO through DCPA3) registers can usually be decremented by 4 to obtain the - 
MicroVAX longword physical address associated with the error. An exception is when bits 8:0 = 0 
during a mapped transfer (i.e., a page boundary is crossed) and the longword that caused the error 
is the last longword of the previous page. These registers are read only. The format of the register 
information is shown in Bia 21. = 4, 








Figure 21 = MicroVAX 7 8532 DMA Current Physical Address Registers (0-3) Format 
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Channel Operations 


The type of operation performed by a channel i is specified by MODE bits 05 and 04 of the 
appropriate DMA configuration register (DCCTLO through DCCTL3). A channel operation is 
performed by the following: | 


° The configuration data is entered into the DMA global control register. 


: The I/O device involved in the transfer must be appropriately configured and enabled. This is 
usually accomplished by an access operation that writes data to the I/O device. 

: In the MicroDMA, the user registers that define the parameters of the channel operation are 
written (initialized) with appropriate data. If mapped transfers are to occur, the DMA global base 
register and DMA system base register must also be initialized. 


: The data that configures the channel and initiates the chante! ase is written into the DMA 


channel control register. 


DMA Transfers 

A DMA transfer requires the user to specify the starting MicroVAX bus address, the starting I/O bus 
address of the transfer, and the number of data bytes to be transferred. The configuration 
parameters such as the direction and data width of the transfer are then written into the 
appropriate DMA channel control register. 


For unmapped DMA transfers, the starting MicroVAX bus address of the transfer is completely 
specified by the physical byte address of the beginning of the data buffer. This is contained in the 
DMA MicroVAX physical address register. For mapped DMA transfers, the system virtual address of 
the page table entry that points to the first buffer page and the byte offset from the start of that 
page to the first data byte must be entered. These addresses specify the beginning of the buffer in 
virtual memory when the DMA system base register and the DMA global base register are 
initialized. The system software computes these quantities from a virtual address and the process 
context, and loads them into the appropriate DCSPTEx register and the DCBOx register to define 
the virtual buffer. The starting I/O bus sinha of a apsier is contained in the DMA I/O base 
address register. 


The initial byte count is contained in the DMA initial ie count register (DCIBCx). At the 
beginning of the transfer, the DCIBCx register information is loaded into the current byte count 
register (DCBCx) and the register is decremented as the transfer progresses. When DCBCx reaches 
zero or becomes negative, the transfer is complete and is terminated. 


Configuration information for the DMA transfer is contained in the DCCTLx register. In addition 
to specifying the data width and direction of the transfer, it also contains a “count mode” that 
specifies which addresses will be incremented and the value of the increment as data is transferred 
from one bus to another. Addresses to or from the MicroVAX bus may be incremented by 0 or 4 
because memory is always addressed in longwords on that bus. Addresses to or from the I/O bus 
may be incremented by 0, 1, 2, or 4 depending on the programmed width of the I/O bus. I/O bus 
addresses are not incremented for DMA transfers to or from a peripheral device through its data 
register. I/O bus addresses are incremented for I/O bus memory to MicroVAX memory transfers. 

Table 14 lists the initial conditions of the registers involved with a DMA transfer. When these 
conditions have been established, a DMA transfer is initiated by the assertion of the ITR signal by 
the I/O device. A simplified flow diagram of the actions of an I/O device, the MicroDMA controller, 
the MicroVAX CPU, and MicroVAX memory during a typical DMA transfer is shown in Figure 22. 


1-134 Confidential and Proprietary 


iinet sistent NSnaanaennnnnnniinnctnnonremianinnanoninnin 





Preliminary MicroVAX 78532 


Table 14 lists the initial conditions of the registers involved with a DMA transfer. When these 
conditions have been established, a DMA transfer is initiated by the assertion of the ITR signal by 
the I/O device. A simplified flow diagram of the actions of an I/O device, the MicroDMA controller, 
the MicroVAX CPU, and MicroVAX memory during a typical DMA transfer is shown in Figure 22. 


Table 14 = MictoVAX 78532 DMA Transfer Initial Conditions 


Register Bit Content 

DGCTL OC(16) (DEN = 1, WID 03:02 (byte) 
_ DCIOBA2 1001(16) (/O base address) 

DCIBC2 ~ 0A(16) (Initial byte count) 

DCBO2 "33 16) (Byte offset) 

DCSPTE2 big System virtual address of base page table entry 
DCCTLO2 03 1 (Transfer is to MicroVAX) 

DCCTL2 05:04 10 DMA mode) 

DCCTL2 07:06 Ql (Bytewide) 

DCCTL2 09:08 10 (HOLD Y/O address and INC MicroVAX address) 





Data to be transferred is 01,02,03,04,05,06,07,08,09, and 
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Figure 22» MicroVAX 78532 DMA Transfer Flow Diagram 
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Figure 22+ MicroVAX 78532 DMA Transfer Flow Diagram (Continued) 
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An example of a DMA sequence to transfer 10 bytes of data from a bytewide I/O device at I/O bus 
address 1001 (hexadecimal) to a buffer in MicroVAX virtual memory at offset 33 (hexadecimal) 
from the base page is listed in Table 15. Channel 2 is used for the transfer. 


Table 15 = MicroVAX 78532 DMA Transfer son. ar 


Byte MicroVAX Bus YO Bus 
Count Operation Address* BM <3:0> Data Operation Address IBM<3:0> Data 


10 | read 1001 xxx0 xxxxxx01 


write ---30 0111 . Olxxxxxx —- 
9 read 1001 xxx0 XXXxxx02 
8 read 1001 xxx0 XXXxXxx0)3 
7 — read 1001 xxx0 Xxxxxx04 
6 read — 1001 xxx0 XXXxxx05 
write ---34 0000 05040302 — 
5 read 1001 xxx0 XXXxxx06 
4 read 1001 xxx0 XXXXxx07 
3 read 1001 xxx0 Xxxxxx08 
2 read 1001 xxx0 XXxXxxx09 
1 write ---38 0000 09080706 ~ 
0 | read 1001 xxx0 xxxxxx0A 
write ---3C 1110  xxxxxx0A— 


Transfer terminates 


*The upper bits of the MicroVAX address depend on the page table information and are not shown. 
The lower two bits of the MicroVAX address are indeterminate and not necessarily zero. 


Window Transfers 

To perform a window transfer, a window (i.e., a set of I/O bus addresses that correspond to 
locations in MicroVAX memory) must first be defined by the user. The user application decodes I/O 
bus addresses (IDAL<23:00> such that the ITRx signal is asserted when an address in the 
window region is referenced. 


When the I/O processor begins a window access, the MicroDMA uses the IBM <3:0> informa- 
tion, and the width of the I/O bus (byte, word, or longword) the effective byte count of the transfer 
and to perform substitution for the low one or two bits of the incoming address, shown in Figure 23 
and Table 16. 

For unmapped window transfers, the base of the window region is completely specified by the 
physical byte address of the window in MicroVAX memory. This must be loaded into the 
MicroDMA physical address register (DCUPAx), and is added to the window address derived from 
the I/O bus device requesting the window access. 
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IBM<3:0> 
| DccTLx<07:06> 









IDAL<23:02> 


| pecove | 


TODCBCx 
| __ (BYTE COUNT) 
IDAL<01:00> _ 

DCWMx 


WINDOW ADDRESS (WA) 


Figure 23 « MicroVAX 78532 Window Addressing Logic 


This window address is derived by ANDing the effective 24-bit I/O address with the window mask 
register DCWMx). Using the window mask to mask off the “don’t care” bits from the address, 
simplifies the external hardware required to decode the ITRx signal. The sum of this window 
address and the DCUPAx register forms the MicroVAX physical address of the window transfer. The 
actual transfer will require more than one access to MicroVAX EMOTY is the access bye cross of 
longword boundary... 

For mapped window. canons both the system ecel peal of thet page table entey: pend poe 
offset in the first window page must be specified similarly toa DMA transfer, The incoming I/O bus 
address and byte masks define a displacement from the base of the window. This is masked by the 
contents of DMA window mask register and used to compute a new system virtual address PTE and 
byte offset. 

For both mapped and unmapped window transfers, the width of the channel i is defined a DMA 
channel control register bits 7 and 6. | | 
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Table 16 » MicroVAX 78532 Window Transfer Byte Count and Effective Displacement 


| 7 Effective I/O 
Channel Width IBM<3:0> —_—Byte Count Bus Address <01:00> 
Byte XXXX 1 IDAL<01:00> 
~ Word xx00 2 IDAL<01>’0* 

xx01 1 IDAL<01>‘1 

xx10 | IDAL<01> '0 
Longword 0000 4 00 

0001 3 01 

0011 2 10 

0111 1 11 

1000 — 3 00 

1001 2 01 

1011 1 10° 

1100 2 00 

1101 1 01 

1110 1 00 


*(’) indicates concatenation. 


If the MicroVAX CPU performs an 10 ‘bus access when a window access is tae performed, : a 
deadlock may occur as the MicroVAX and I/O processor each wait for the other’s bus. — 


The I/O processor can ensure a unique access to MicroVAX memory. Before beginning a window 
access, the I/O processor must assert VBR and wait for VBG to be asserted. Because the MicroVAX 
bus is acquired by the MicroDMA before the window access, the possibility of deadlock is 
eliminated. After the window access (or accesses), VBR should be deasserted to allow the 
MicroVAX processor to regain control of its bus. 


The MicroDMA chip contains hardware that detects the presence of a deadlock if it occurs. It 
breaks the deadlock by causing a bus error on the MicroVAX bus by asserting the ERR signal and 
sets a bit in the DMA global control register to inform the MicroVAX CPU of the cause of the error. 


Table 17 lists the initial conditions for an example of a window transfer. The sequence of events 
involved in this example is shown in Table 18. One byte is to be transferred from the I/O bus to the 
MicroVAX bus. The channel is configured in word mode. The user application decodes I/O bus 
addresses in the range xxx10000-xxx101FF (hexadecimal) as window references. The I/O 
processor writes data word 55xx to location 10022 (hexadecimal). 
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Table 17 « MictoVAX 78532 Window Transfer Initial Conditions 


Register as  ~*‘Bi Content 

DGCTL 0 4DEN=1 

DCWMx_ ABE (Mask high bits of I/O bus address) 
DCCTLx 05:04 11 (Window mode) ape 

DCCTLx 17 : 1 (Physical addressing) 

DCCTLx 07:06 10 (Word width) 

DCUPAx wee 3 7341 (MicroVAX memory base physical address) 


__ Table 18- MicroVAX 78532 Window Transfer Sanne . 


yOBus ~MicroVAX_ 
Address IBM<3:0> Data tation _Address BM<3:0>. Data _ Operation 


10022 xx01 xxxx55xx Write 7364 1110 xxxxxx35 Write 





The MicroDMA adjusts the value of the lower bits of the I/O bus address, a as shown i in Table 16. A 
byte count of 1 is sent to the DMA current byte « count register. 7 


I/O DMA Transfer | - 7 7 

An I/O DMA transfer is an age ‘unbuffered 4 data transfer feener an I/O bis 
source and an I/O bus destination. Because buffering and data alignment are not performed, the 
source and destination addresses must be~aligned on ‘‘natural” boundaries. If a channel. is 
configured to perform word transfers; the addresses must be a sult of 2. If a channel is 
configured to perform longword transfers, the —— must be a ‘waa of 4. An I/O DMA 
operation has the following sequence: - 


. The appropriate ITR <3:0> signal is ees a“ an I/O ae 
2. An I/O bus read cycle is performed at the address a is the DMA yO : source address 
register (DCIDS). 
3. If bit 8 of the DMA channel control register (DCCTL) is set, fi DCIDS register is incremented 
by the width of the channel specified ny bits 7:6 of the DCCTL cman If cleared, the DCIDS 
register isnot changed. = 
4. AnI/O bus write cycle is performed at ie a rou specified: by the DMA 1/O Societe saves 
(DCIDD) register. The appropriate ITR<3:0> line should be deasserted by the end of this 
write cycle if the I/O device is not ready for another transfer. 
. If bit 9 of DCCTL register is set, the DMA destination address (DCIDD) register is incremented 
by the width of the channel. If cleared, the DCIDD register is not changed. 
6. The byte count initially contained in DCIBC register and subsequently contained in DCBC 
register is decremented by the width of the channel. If the byte count is zero or a negative value, 
the transfer terminates. If it is not, the transfer continues at step 1. 












— 





Ww 
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- Access Operations. 


Figure 24 shows the relationship between a oea® access region” in MicroVAX physical 
address space and its counterpart in I/O bus address space. The user application decodes MicroVAX 
bus addresses such that CSL is asserted whenever a reference to the access region is made. The 
access region always starts on a 16-Mbyte boundary and the lower 512 bytes of the region are 
reserved for the MicroDMA internal registers. 


MicroDMA 


(/O BUS 


MicroVAX BUS 


| 
a 3 | 
XXFFEFFF 7 | FFFFFF 
| 
















1/0 BUS 
ACCESS 


/O BUS 
LOCATIONS 











Xx000200 | 
Xx0001 FF | 


as J 000200 
MicroDMA 
REGISTER 
ACCESS 






MicroDMA 
| REGISTERS 


Figure 24 = MicroVAX 78532 Access Operation 





xx000000 | 000000 


When the CSL signal is asserted and the address on lines DAL<23:09> is equal to zero, a 
MicroDMA internal register is accessed by the address on lines DAL<08:00>. When the 
DAL <23:09> address is not zero, the I/O bus is accessed. 

An access operation may require the transfer of a byte, word, or longword as determined by bits 4 
and 3 of the DGCTL register and the information on lines BM<3.0>. The ili: are more 
detailed examples of the access operation. | 

Example 1—Table 19 lists the sequence required t to perform an access operation to write a word in 
I/O bus memory from the MicroVAX CPU. The number 1234 (hexadecimal) is to be written into 
location 2002 (hexadecimal) and the I/O bus width is 16 bits. The MicroDMA has an address of 
21000000 (hexadecimal) in MicroVAX physical address space. | 


Table 19 » MicroVAX 78532 Access Operation Sequence 1 


MictoVAX | 3 yo | 
Address BM<3:0> Data Operation Address IBM<3:0> Data Operation 


21002000 0011 = 1234xxxx Write 2002 —§ xx00 1234 Write 
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Example 2— Table 20 lists the sequence required to perform access operation 2 from the MicroVAX 
CPU. The number 332211 (hexadecimal) is read from location 2001 (hexadecimal). The I/O bus 
width is 8 bits. The MictoDMA has an address of 21000000 (hexadecimal)in MicroVAX physical 
address space. The initial condition of the DGCTL register is bits 4:3 = 01 (I/O bus byte width). 


Table 20 + MicroVAX 78532 Acct Operation een 








MicroVAX VO : 
Address BM< 30 > Data ration Address M<3:0> Data §=—«- Operation 
21002000 0001 -  Read— 2001 xxx0  --Il Read 
2002s xxx0——“‘ 22~—S—SssésRRead 
a ~~ 2003 xxwO 43 Read 
332211xx 
- Address Translation 


When bit 17 (PHYS) of a channel control register is clear, mapping is enabled and virtual to physical 
address translation will occur for DMA and window mode transfers on that channel. 

For mapped DMA transfers, the information requirements to completely specify a buffer in virtual 
memory after the DSBR and DGBR registers have been initialized are that the DCSPTEx register 
must point to the page table entry that references the physical page in which the virtual buffer or 
window starts. The DCBOx register must contain the byte offset from the beginning of that 
physical page to where the virtual buffer or window starts. 

Figure 25 shows the address translation for DMA transfers that use references to process (PO or P1) 
or system page tables. Figure 26 shows a DMA transfer that uses references to global (i.e., shared) 
page tables. Further information related to VAX memory management is in Chapter 5 of the 
VAX-11 Architecture Reference Manual (EK-VAXAR-RM). 
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09 08 2 2 00 








09 08 


DSBR | 


PERFORM MEMORY REFERENCE TO FETCH SYSTEM PTE; CHECK VALID. 
IF BUS ERROR, OR INVALID, OR GLOBAL, DCCTLx <30: 28 > = 001. 
31 21 20 00 


SYSTEM PTE 


PHYSICAL ADRESS OF 
PO, P1, OR SYSTEM PTE 





PERFORM MEMORY REFERENCE TO FETCH PO, Pt, OR SYSTEM 


PTE. CHECK BITS <31, 26, 22>. 
IF BUS ERROR, OR INVALID, DCCTLx< 30:28> = 010. 
IF VALID, THEN USE PFN TO FORM PHYSICAL ADDRESS. 


IF GLOBAL, TO TOP OF FIGURE 8. 

22 20 
rr a 
}29 09 | 08 , 00 


PHYSICAL ADDRESS OF DATA OR | | 
INSTRUCTION | 


PTE<31, 26, 22> PTE TYPE 


1XX VALID PFN 

000 VALID PFN 

001 GLOBAL PTE (SEE FIGURE 26) 
OX INVALID, I/O ABORT 


Figure 25 = MicroVAX 78532 DMA Address Translation for Process and PTE References 
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31 30 29 ADD 02.01 00 











SYSTEM VIRTUAL ADDRESS 
OF GLOBAL PTE 


DSBR 
PHYSICAL BASE OF SYSTEM PT! : 
PERFORM MEMORY REFERENCE TO FETCH SYSTEM PTE; CHEC « VALID 
IF BUS ERROR, OR INVALID, OR GLOBAL, DCCTLx <30:28> =101. ° 
31 21 20 00 





PHYSICAL ADDRESS OF _ | [ 
FINAL PTE | | 


PERFORM MEMORY REFERENCE TO FETCH GLOBAL PTE; CHECK VALID. 
IF BUS ERROR, OR INVALID, OR GLOBAL, DCCTLx < 30:28 >=101. 


31 21 20 00 






PHYSICAL ADDRESS OF 
DATA OR INSTRUCTION 


LOW BYTE = DCBOx IF FIRST TRANSLATION 
= 0 OTHERWISE 


Figure 26 + MicroVAX 78532 DMA Address Translation for Global References 
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For mapped window transfers, the actual transfer might not start in the page referenced by the 
DCSPTEx register. The window address, shown in Figure 23, is used to compute new values for the 
SVAPTE register and byte offset shown in Figure 27. The operation is transparent to the user. 


A byte offset (BO’) and system virtual address (PTE) are associated with point B in Figure 28 that 
must be calculated before address translation can occur. Figure 28 shows how these parameters are 
determined. Once BO’ and DCSPTE’ are found, they are used to perform address translation in the 
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same way as for a DMA transfer (see Figures 25 and 26). 
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SYSTEM VIRTUAL ADDRESS SPACE 






HIGHER 


ADDRESSES DCSPTEx’ 


DCSPTEx 


A= BASE ADDRESS OF WINDOW 
B= ADDRESS WITHIN WINDOW THAT IS REFERENCED 
WA = WINDOW ADDRESS RELATIVE TO BASE 
WA' = WINDOW ADDRESS RELATIVE TO FIRST PAGE 
DCSPTEx’ AND BO’ ARE THE DISPLACED SVAPTE AND 
BYTE OFFSET DERIVED FROM DCSPTEx AND BO. 


Figure 27 « MicroVAX 78532 Address Translation for Window References 
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31 24 23 ae! is 00 





ADD 





DCBOx 





31 2423 YIELDS =. ~—s9 08 00 


WINDOW ADDRESS’ (wa) 








3130 20 : a oF ADD ra (8 god aet nan 9 . 
—pesptex | ae 
31 30 29 YIELDS 60 
pesptex’ | 10] ee eae ae, : 
Figure 28 = MicroVAX 78532 Window Reece Parameter 
. MicroDMA Interrupts 


The MicroDMA can interrupt the MicroVAX CPU or an YO processor, depending on the c contents of 
the interrupting channel’s DCCTLx register. _ me 
The termination of a DMA transfer sets DONE (bit. 3) of the DMA el Sdniat (DCCTL) 


register resulting in an interrupt if IE (bit 02) is set. The interrupt will be goneetoee by the 
MicroVAX CPU if IIOP (bit 11) is cleared or by an 1 YO processor if bit Mis is set. 


For a MicroVAX CPU interrupt, 





= The MicroDMA asserts an IRQ <3:0> line ene to the level encoded by IPR (bits 16 and 15) 
of the DCCTLx register. 


« The MicroVAX CPU vesponds by initiating an interrupt: ackoowiedge bu: 
provides an interrupt vector from the the DCINT« register. 





- If the system contains more than one MicroDMA controller, the MicroDMA closest to the CPU 


with respect to the interrupt daisychain that has posted an eae at the current level will 
- participate in the interrupt acknowledge cycle. | | | 


- If more than one channel on the MicroDMA controller has posted an interrupt at the current 
level, the Seusei with the highest priority will return the interrupt vector to the CPU. 
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: The system software clears DONE (bit 23) of the DCCTLx register after the interrupt has been 
acknowledged to prevent the same interrupt from pene acknowledged again. 


For an I/O processor interrupt, 

: The MicroDMA asserts the IOPINT signal. 

: The I/O processor polls all MicroDMA channels to determine which channel caused the interrupt. 
: The I/O processor processes the interrupt according to some I/O processor dependent protocol. 


« The I/O processor software clears DONE (bit 23) of the DCCTLx register after the interrupt has 
been acknowledged. 


Termination of DMA Transfers 


DMA and I/O DMA transfers are normally terminated when the byte count associated with the 
transfer and contained in DCBC register becomes zero or a negative value. A transfer can also be 
terminated before the byte count reaches zero when the TERM (bit 01) of the DCCTL register is set 
or when the external hardware asserts the appropriate IIR signal and TOI (bit 10) of a DCCTL 
register is set. The IOI (bit 22) of the DCCTL register is also set to indicate that termination was 
caused by an interrupt. The number of bytes remaining to be transferred can be read from the 
DCBCx register. 

DMA transfers can also be terminated when the IERR signal is asserted during an I/O bus cycle, 
when the ERR signal is asserted during a MicroVAX bus cycle, or when an invalid page table entry is 
referenced.A global page table entry reference that is either invalid or refers to another global page 
table entry will also terminate the transfer. If the transfer is terminated by an error, a corresponding 
bit in the DCCTL register is set to specify the error type. 

The MicroDMA performs the following for all DMA transfer that are terminated. 

= Sets DONE (bit 23) of the DCCTL register. 

* Sets IOI (bit 22) of the DCCTL register if an YO i interrupt caused the termination. 

. Clears ENABLE (bit 00) of the DCCTL register. | 

« Asserts the IOPINT signal if IE (bit 02) and IIOP (bit 11) of he DCCTL register are set. 


= Initiates a MicroVAX interrupt at the level specified i IPR (bits 16 and 15) of the DCCTL register 
if IE (bit 02) is set and IIOP (bit 11) is cleared. | 


Chaining 

The MictoDMA includes logic to sensual switch channels after the data transfer i 
terminated. This is defined as chaining and is normally used by I/O subsystems that continuously 
transfer data at high data rates. To reduce the time required to service an interrupt and reconfigure 
a channel following the termination of a DMA transfer, chaining is used to switch channels and the 
buffers associated with the channels to prevent data loss. 

Chaining is enabled by setting CHAIN (bit 12) of the DCCTL register and the next Staal in the 
chain is specified by NXTCH (bits 14 and 13). If the current DMA transfer terminates without 
error, the channel specified by the NXTCH bits begins operation. Interrupts that were enabled for 
the first channel will be serviced when the next channel in the chain is active. 

The pins for the ITR <3:0> channels involved in a chain should be connected together to preserve 
the transfer requests. 
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The pins for the ITR < 3:0> channels involved in a chain should be onnected = to preserve 
the trenshet ree : 


MicroDMA Reset 


When the RESET line is asserted, the RESET (bit 00) of the DGCTL register is set a the 
MicroDMA performs the following reset opseoe: 


- DGCTL register —Clears the DEAD (bit 31), IOWE (bit 10), WID bit < 04: 03> aa RESET (bit 00) 





« All DCCTL registers—Clears the error contin bits 31: 27), DONE (bit 23), IOI (bit 22), IE 
(bit 02), TERM (bit 01), and ENABLE Git 9) : 





Bus Cycles 


Operations such as DMA transfers, syindow bane rs access ‘operations require the execution 
of one or more bus cycles on the MicroVAX bus and/or the I/O bus. A bus cycle is a sequence of 
events that results i in a transfer of information between a bus master and a bus slave. Bus cycles 
usually involve read, write, interrupt acknowledge, or DMA operations. — 


This section briefly describes the characteristics and protocols of the. ea MicroDMA bus 


cycles. Bus cycles on the I/O bus and. the: 
contained in the ac Characteristics section. 





MlicroVAX bus are sinilat. betes iled timing information is 


MicroVAX Bus Cycles 

MicroVAX Bus Read Cycle—A MicroVAX bus master performs a MicroVAX bus read cycl it 
requires information from another MicroVAX bus device. Address and control information is sent 
to the bus slave during the first part of a read cycle and the second part of the ante; is used to read 
the data. The sequence of events follows: : 


1. 


2. 





The bus master transfers the Physical longword address of ihe location to = eee on the 
DAL<29:02> lines. o% 

The WR line is unasserted and the CS <2: 0> lines are driven aby ie a master to. adie the 
type of cycle being performed. , 


. The bus master drives the BM<3:0> lines. | : 
. The bus master asserts the AS signal to indicate that the Sieh on ce DAL (ae is ea a can 


_ be latched. When the MicroDMA is being addressed for register or I/O bus access, the CSL 


signal must be asserted. The AS signal also qualifies the: information on the CS<2:0>, WR, 
and BM <3:0> lines. 


. The bus master asserts the DS signal to fate that ae ba is drilable to receive the peuiiied 





information. The bus master also asserts the DBE Pasi at th ee time which. can be ues! to 


control DAL line bus transceivers. | 


. If the slave can supply valid data within minimum access titwe, i it asserts fhe RDY Y signal at a 


first sample window after the assertion of AS and the master latches the data. If data is not 
available at this time, the master waits eight periods of the CLKI signal and samples the RDY 


_ signal again. This sequence continues every eight clock periods until the RDY signal is asserted. 


If a bus error occurs, the external logic or the bus slave will respond by asserting the ERR. . signal. 
The bus master must then process the error. The current bus cycle is completed when the RDY or 
ERR signals are asserted. The bus master latches the requested data and deasserts the DS line. 


. The bus master deasserts the CSL line if it is asserted, and asserts the AS and DBE lines to end 


the bus cycle. 
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MicroVAX Bus Write Cycle 3 oa! : Ae 

A MicroVAX bus master performs a MicroVAX ae write ads to eataiee ee to another 

MicroVAX bus device. During the first part of the bus cycle, address and control information is sent 

to the bus slave. During the second part, the data to be written is transferred. The sequence of 

events follows: | 

1. The bus master drives the physical longword address of the location to be read onto the 
DAL< 29:02 > lines. 

2. The WR signal is asserted and the CS <2:0> lines are driven by ties bias master as peairesd 

3. The bus master drives the BM < 3:0> lines and asserts the AS signal to indicate that the address 
on the DAL lines is valid and can be latched. When the MicroDMA is being addressed for 
register or I/O bus access, the CSL signal must be asserted. The AS signal also qualifies the 
information on the CS <2:0>, WR, and BM<3:0> lines. 

4. The bus master asserts the DBE signal, drives data onto the DAL lines, and asserts the DS line to 
indicate that the data is valid. 

5. If the slave can accept valid data within the minimum write cycle time, it asserts the RDY signal 

at the first sample window after the assertion of the AS signal and latches the data when the DS 
line is deasserted. If the data cannot be accepted at this time, the master waits eight periods of 
the CLKI signal and samples the RDY signal again. This sequence continues every eight clock 
periods until the RDY line is asserted. If a bus error occurs, the external logic or the bus slave 
responds by asserting the ERR signal and the bus master must then process the error. The 

current bus cycle is completed w when the RDY or ERR signal is asserted. | 

6. The bus master deasserts the DS signal to indicate that it will remove the data from fon DAL lines 

and deasserts the AS and DBE lines to end the bus cycle. 


MictoVAX Bus DMA Cycle | | 

This cycle is used to force the bus master to ig control of the DAL lines and related control 

signals to another MicroVAX bus device. The sequence of events follows: 

1. A device requests the use of the MicroVAX bus from the bus master by asserting the DMR signal. 

_ 2. If the bus master is not performing a locked read cycle, it responds to the assertion of the DMR 
by releasing the DAL< 31:00>, AS, DS, DBE, WR, and BM <3:0>, lines. 

3. The bus master asserts the DMG signal when it releases control of the bus and grants the use of 

the bus to the requesting device. 

_ 4, One or more read and/or write cycles occur on the bus between the requesting device ihe new 
bus master) and its slave. 

5. When the requesting device is finished with the bus, it asics the DMR line to return control 
of the bus to the original bus master. . 

6. The bus master emma the DMG signal and resumes een on the Biss 





Micto VAX Bus ice Acknowledge Cycle 
A MicroVAX bus master performs an interrupt acknowledge cycle to esis an interrupt 
request from a slave through the IRQ lines and to read a vector. The timing for this cycle is the same 
as the MicroVAX bus read cycle shown in Figure 30. The sequence of events follows: 
1. The bus master transfers the priority of the interrupt being acknowledged onto lines 
DAL<04:00>. The DAL<29:05> lines contain zeros and the DAL< 31: 30> lines contain 
the value of 10. 
2. The CS <2:0> lines are driven by the bus master to indicate an interrupt acknowledge ce 
3. The bus master asserts all the ee bits. The WR signal is unasserted. 
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4. The bus master asserts the AS signal to indicate that the interrupt priority on the DAL lines is 
valid and asserts the DS signal to indicate that the bus is available to receive incoming data. The 
bus master also asserts the DBE line, which can be used to control DAL line transceivers. 

5. If no error occurs, the external logic or the bus slave transfers the interrupt vector on the 
DAL<09:02 > lines, the normal processing/Q-bus processing flag on the DAL<00> line, and 
asserts the RDY signal. Refer to the MicroVAX CPU User's Guide for a description of the normal 
processing/Q-bus processing flag. The DAL < 15:10,01 > lines must be set to a valid high or low 
level in accordance with the setup times shown in Figure 30. 

6. If an error occurs, the external logic or the bus slave asserts the ERR signal. The bus master 
cancels the cycle and ignores the data on the DAL lines. 

7. The bus master latches the interrupt vector, deasserts the DS signal, and deasserts the AS and 
DBE signals to end the cycle. Fo srt | 


yo Bus Cycles | 

I/O Bus Read Cycle—An I/O bus master. performs. an fe) bus read cycle when it requires 

information from another I/O bus device. During the first part of a read cycle, address and control 

information is sent to the bus slave. During the second part of the cycle the data is read. The 

sequence of events follows: 

.1. The bus master drives the physical longword address of the location to be read onto the 
IDAL< 23:00 > lines. 

2. The IWR signal is left unasserted. The bus master asserts the IBM<3-0> as required. 

4. The bus master asserts the IAS signal to indicate that the address on the: IDAL lines is valid and 
ready to be latched. The IAS signal also qualifies the information on the IBM<3:0> and IWR 
lines. 

5. If the MicroDMA is not I/O bus master ao is ne a a dow access, then the ITR signal 
for the requested window channel should be asserted when the TAS signal is asserted. If a 
MicroDMA register access is to be performed, the IREG signal should be asserted at this time. 

6. The bus master asserts the IDS signal to indicate that the bus is available to receive the required 
information. At this time the bus master also asserts IDBE = Which can be used to control IDAL 
line transceivers. 

7. If the slave can supply valid data within the minimum access time: it asserts the IRDY signal at 
the first sample window after the assertion of the IAS signal and the master latches the data. If it 
cannot supply valid data during this time, the master waits four periods of the CLKI signal and 
samples the IRDY signal again. This sequence continues every four clock periods until the IRDY 
line is asserted. If a bus error occurs, the external logic or the bus slave responds by asserting the 
TERR signal, an and the bus master must then process the error. The current bus cycle i is completed 
when the IRDY or IERR signals are asserted. 

8. The bus master latches the requested data, deasserts the IDS. a and deasserts the IAS and 
IDBE signals to end the bus cycle. 








1/O Bus Write Cycle 

An I/O bus master performs an I/O bus write cycle to transfer information to another I/O bus 

device. During the first part of the cycle, address and control information is sent to the bus slave. 

During the second part, the data is written. The sequence of events follows: 

1. The bus master drives the physical longword address of the location to be read onto the 
IDAL < 23:00> lines. 

2. The IWR signal is asserted. 
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3. The bus master drives IBM<3:0> lines and asserts the IAS signal to indicate that the address 
on the IDAL lines is valid and should be latched. The TAS signal also ‘qualifies IBM <3:0> and 
IWR line information. 

4. If the MictoDMA is not bus master and is performing a rindow access, the ITR éighal fe the 

requested window channel should be asserted when the IAS signal is asserted. If a MicroDMA 

- register access is to be performed, the IREG signal should be asserted at this time. 

5. The bus master asserts the IDBE line which can be used to control the IDAL line transceivers, 
transfers data onto the IDAL lines, and asserts the IDS signal to indicate that the data is valid. 

6. If the slave can accept valid data within the minimum write cycle time, it asserts the IRDY signal 
at the first sample window after the assertion of the IAS line and latches the data when the DS 

signal is deasserted. If the slave cannot accept the data during this time, the master waits four 
clock periods and samples the IRDY line again. This sequence continues every four periods of 
the CLKI signal until the IRDY signal is asserted. If a bus error occurs, the external logic or the 
bus slave responds by asserting the IERR signal and the bus master must then process the error. 
The current bus cycle is completed when the IRDY or TERR signal is asserted. 

7. The bus master deasserts the IDS S signal to indicate that it will remove the data from the IDAL 
lines and deasserts the IAS and IDBE signals to end the bus cycle. 








1/O Bus DMA Cycle : 

This cycle is used to force the bus master to release control of the IDAL ines and control signals to 

another I/O bus device. The sequence of events follows: 

1. A device requests the use of the I/O bus from the bus master by asserting the IDMR signal. | 

2. If the bus master is not performing a locked read cycle, it responds to the assertion of IDMR IDMR by 
releasing the IDAL< 31:00>, IAS, IDS, IDBE, IWR, and IBM <3:0> lines. 

3. The bus master asserts the IDMG line to release control of the bus and to grant the use of thie bus 
to the requesting device. 

4. One or more read or write cycles occur on the bus between the requesting device (her new bus 
master) and its slave. 

5. When the requesting device has finished iit the bus, it deasserts the IDMR signal to return 
control of the bus to the original bus master. | 

6. The bus master deasserts the IDMG signal and resumes operation on the bus. 


. Specifications 


The mechanical, electrical, and environmental characteristics and specifications for the 
MicroDMA are described in the following paragraphs. The test conditions for the electrical values 
are as follows unless specified otherwise. 


« Temperature: 70°C 
= Vop = 4.75 V, Vss =0 V 


Mechanical Configuration 


The physical dimensions of the 133-pin package are contained in Appendix E. 
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grea t damage to the device. 
Exposure to the absolute: maximum ratings for extended eels may adversely affect the 
reliability of the device. The functional operation of the device at these or other conditions greater 
than indicated is not defined. | | 


« Power supply voltage (Vpp): -0.5 V to 5.5 V 
- Input or output voltage applied: V5 -0.3 V to Vpp 0.3 V 
: Storage temperature (Ts): -55°C to 125°C 


" Relative humidity: 10% to 95% (noncondensing) 


Recommended Operating Conditions 

* Power supply voltage (Vpn): 5 V +5% 

« Supply current (I,,) : 500 mA (maximum) 

“ ss oe mel 0°C to 75°C. 


dc Electrical CSaibicitasdaesd 


The de electrical characteristics of the MicroVAX 78532 for the operating g voltage iis temperature 
ranges specified are listed in Table 21. 











Symbol Para eter Test Condition Min. Max. Units 
~? “Gosek haga ES AC e100 pi 2 oct eats beanden bash 
Vo ss Lowlevel «© sIp=200mA KV 
| output WOHARE «jx Soe Mae. Cr ee ene 
output open-drain Cc. 100 pF ppeptegh a) ab A 
voltage* 
RDY, ERR DMR, 
TRA <3:0>) 
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Requiements. : 
Symbol Parameter — Test Condition ‘Min. - Max. Units 
Ii _ Input leakage 0<Vi.<Von -10 ~—- 10 A 

current | | a 

eg Output leakage 0.4<V.,.< Vopr  =10 10 A 
current | | : 

Tea Active supply L..=0, T,=0°C | — 500 mA 
current | : 

C2 Input capacitance ; — 10 _ pF 


*Minimum pullup resistor=470 +5%. 


ac Electrical Characteristics 


The electrical characteristics for the signals used to control the information transfers to and ae 
the MicroDMA are defined in the following paragraphs. The following notes apply to both the 
MicroVAX bus timing diagrams and the I/O bus timing diagrams and their associated tables. 


« The timing parameters are specified in terms of the clock (CLKI) period, where CLKI= tgp =P. 
Pis nominally 25 ns. 


= All times are in nanoseconds except where noted. 


= ac characteristics are measured with a purely capacitive load of 100 pF. Times are valid for loads 
of up to 100 pF on all pins. 


= ac high levels are measured at 2.0 V, and ac low levels at 0.8 V. 


- S=the number of slipped microcycles during a bus cycle. A MicroVAX bus microcycle is 
nominally 8P or 200 ns and the I/O bus microcycle is normally 4P or 100 ns. 


e N=the number of MicroVAX and I/O bus microcycles in a DMA transfer. N has a minimum value 
of 2. 


The following notes apply to the MicroVAX bus timing diagrams and their cee tables. 


« The sampling window is used to sample the RDY and ERR asynchronous signals. The RDY and 
ERR signals are qualified by the assertion of the AS signal. The effect of these signals on the 
current bus cycle is as follows: 

1. The bus cycle concludes at the end of the current sieaeedle if the RDY or ERR signal is 
asserted throughout the sampling window while the AS signal is asserted. 

2. If a transition of the RDY or ERR signals occurs during the sampling window while the AS line 
is asserted, the result is indeterminate. 

3. PS =Clock period (P) times slipped microcycles (S). 
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The following notes apply to I/O bus timing diagrams and their associated tables: 


: The sampling window i is used to sample the following asynchronous signals—IRDY, IER! TERR, nd 
IDMR. Signals IRDY and TERR are qualified by the assertion of the IAS signal. The IDMR signal 
is qualified by the assertion of the IAS signal. The effect of these signals on the current bus cycle 
is as follows: 
1. The bus cycle concludes at the end of the current microcycle if the IRDY or IERR signal is 
asserted throughout the sampling window while the IAS signal is asserted. 
2. If a transition of the IRDY or IERR signals occurs during: the: pampling window while the IAS 
signal is ass is asserted, the result is indeterminate. 
3. The IDMR signal is sampled at every I/O bus microcycle. 








Clock Input Timing 
Figure 29 shows the timing specifications for the clock i input (cuxp Bene iad Table 22 lists the 
timing parameters indicated in the diagram. 


“ter. ' 
tciF—— = ke —tCIL 


Figure 29 « MicroVAX 78532 CLKI Timing Waveform 


Table 22 . MicroVAX 78532 rer ck Input Timing SRE 
Symbol Definition | 








Clock noni fall time | apes “aa 
Clock input low =a — 
Clock period , =: ~ 

Clock input rise time = = 





ERC) 
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MicroVAX Bus Read and Write Cycles Ne eS 
Figure 30 shows the MicroVAX bus master read ae timing oat Figure 31 ee ee MictoVAX bus 
master write cycle timing. Table 23 defines the read and write timing, paraneters. 
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Figure 30* MicroVAX 78532 MicroVAX Bus Master Read Cycle Timing ; oo 
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Figure 31 . MicroVAX 78532 MicroVAX Bus coe Write Cyele Timing . 






Symbol Signal 7 








tis DAL <31:0> address setup time to AS assertion 3 
ti DAL < 31:0> address hold time after AS assertion 2P-15 — 

eae AS assertion to DBE and DS (read) assertion 3P-15 3P+20 

trate AS assertion to read data valid* = -11P—30+8PS 
taspso .—C- AS. assertion to DS assertion (write) 5P-15 5P+20 


tians AS and DBE deassertion to busslave DAL<31:0> — 2P—20 
three-state 


tis AS deassertion width 4P—25 — 
tissw .-«- AS. assertion width 12P—15+8PS — 
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Symbol Definition  ——_ ae | —— ee) 

tices: AS : assertion to oben ¢ of RDY and ERE saple — 6P—45+8PS 
window | | 

tiswe AS assertion to end of RDY and ERR sample window 6P+10+8PS — 

tise WR/BM<30>/CS<1> hold time from AS P-200 2 — 
deassertion : 

tase BM<3-0> setup time before AS assertion — 2P-25 — 

oe DBE assertion width 9P—20+8PS — 

toons DAL<31:0> write data setup time to DS assertion — . 3P-30 

toss DS deassertion to AS and DBE deassertion P-15 0 

tian DAL< 31:0> read data hold time after DS o- = 

__ deassertion seh ett icant ee 

foie DS assertion to DAL< 31:0> read data valid a 8P—35+8PS 

tospo - DAL<31:0> write data hold time from DS —— 3P-20 
deassertion 

tosoz DS deassertion to bus slave DAL< 31:0> three-state —- 3P—20 
onread bus cycles | | a er ee 

tise DS deassertion width (read) 8P—50 — 

tosiwr DS assertion width (read) | -8P-204+8PS  — 

tpspwo DS assertion width (write) 6P—20+8PS — 

tein RDY internal sample window end toDAL<3L0>  — . = 5P-25 
read data valid | 

tweas WR and CS<1> ane time before AS assertion 3P-35 fei 


*Read data is valid if tasp OF tpsn: Conditions are satisfied. 
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Figure 32 shows the MicroVAX bus slave read cycle timing and Figure 33 shows the MicroVAX bus 


slave write cycle timing. Table 24 lists the timing parameters. _ 
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Figure 32 « MicroVAX 78532 MicroVAX Bus Slave Read Cycle Timing 
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Figure 33 » MicroVAX 78532 MicroVAX Bus Slave Write Cycle Timing | 


Table 24 = MicroVAX 78532 Bus Slave Read and Write Cycle Timing Parameters 


Symbol Signal Definition Pree (ns) 
oo 3 : Bw a Max. 

taze AS assertion to RDY/ERR assertion for MicroDMA * * 
bus-slave cycles 

tae Required AS assertion to DS assertion delay (read 3P-—20 3P+25 
cycles) 

taspsw “Required AS assertion to DS assertion delay (write 5P-—20 5P+25 
cycles) 

tics AS deassertion width 2P+25 —_ 

tusks AS deassertion to RDY/ERR deassertion a 100 

—_ BM < 31:00> setup time before AS assertion 2P—25 _ 


teases DAL<31:00> data hold time after DS deassertion 0 a 
(slave reads) 


tiene Required DAL < 31:00> hold time after DS deasser- 35 — 
tion on MicroDMA bus-slave writes 
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Symbol Signal Definition oo (ns) 
—— Required DAL <31:00> setup time before DS deas- 20 = 


sertion on MicroDMA bus-slave writes 
tysass Required DS deassertion to AS deassertion delay P—20 nn 





‘toens DS deassettion to DAL<31:00> three-state — 55 
Genk Required DAL < 31:00> hold time after AS assertion 35 | — 
— RDY assertion to DAL<31:00> data valid for — 35 
MicroDMA bus-slave reads , oo 

on Required DAL < 31:00> setup time belie aS 15 _ 
assertion 

— WR/BM <31:00>/CS<2:0> hold time afterAS  P-—25 — 
deassertion | vem oe 

twrs WR/CS <2:0> setup time before AS assertion 3P—50 — 





*t,pz time depends on the system cor 


igutation. (memory speed, number of cycle slips, type of 
transfer, etc.) os cowae 6 


Figure 34 shows the MicroVAX bus signal timing for the DMA cycle and Table 25 lists the 
MicroVAX bus DMA cycle timing parameters. _ 





DMGI 
DMGO 
tDCND bo '(DAWE - 
AS 
toppT 
DAL <31:0> Gp S 
: | tOVWE 
VBG 
MicroDMA Has DMA Request 


Figure 34 = MicroVAX 78532 MicroVAX Bus DMA Cycle Timing 


Confidential and Proprietary 1-161 





1-162 


ieee 


ICLKO af 


IAKE! 
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IAKEO 


Bus and DMA Asserted by Another Device 


DMGI . 
E tDWED , 


MicroDMA Not Using Bus 


DMGO 


MicroDMA Was Not Using Bus 





No interrupt Pending for MicroDMA 
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Figure 34» MicroVAX 78532 MicroVAX Bus DMA Cycle Timing (Continued) 






tig AS and DBE DBE deassertion to DMGO assertion Jf BRr 2 sai . 
en End of DMGI sample window to AS as assertion (DM: Mi ; oe -— Fa Aceon 10P+20+4PK* 





request pending for MicroDMA MA) — 


toe» Deassert DMR to AS/DS/WR/CS <1 > [DBE / = SSP Bi 
BM<3:0> three-state oe helen 


toppr Deassert DMR to DAL<31: 00S Binea state a | Be “P+ 20 
tows  Endof DMGI sample window to VBG assertion =  — tae 2P+ 33 


town  EndofDMGI Isample window to DMGO assertion (0 —  ——s« P4300 
| DMA request pending for MicroDMA) ett ms oe - 


tciop Deassert DMGI to DMGO deassert aes 0 meer cea ys - 
tweio IAKEI sample window end to IAKEO asserts a 2p +30 





*K =the number of microcycles (0, 1, 2, 3, 4) that the sequencer is busy. 


MicroVAX Bus General Timing 
Figure 35 shows the general signals for the MicroVAX bus timing and Table 26 lists the general 
timing signal parameters. 


ICLKO 








| tTER 
RDY, ERR . 


Figure 35 = MicroVAX 78532 MicroVAX Bus General Signal Timing 
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“Table 26 + MictoVAX 78532 MicroVAX Bus General Timing Parameters 





Symbol Signal Definition A “Requirements (oa) 


taws 


tawe 


tiwe 


tswa 


swe 


ICLKO to beginnitis of AS sample window ro om - ~35 
ICLKO to end of AS sample window cae Cy ie es 


_ ICLKO to beginning of IZOCK sample window om 5D 


ICLKO to end of ILOCK sample window - ae eee = 


-ICLKO to beginning of C CSL/VBR [DMGI/T a - 3P-50 
- sample window — a ee 


ICLKO to end of CSL VER DMCA sample sP+5 “ = 


window 
ICLKO to ERR/RDY assertion | 3 SS ae  3P+26 | 
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1/O Bus t Read and Write Cycles 


Figures 36 and 37 are timing diagrams for the I/O bus master read and write 2 GK respectively 
Table 27 lists the rrmbols and parameters for the Henig signa 
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 Bigure 36« + MicroVAX 78532 2 Bus Master Read Ck Ting 
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iCLKO 





IDAL<31:0> 7 ADDRESS oly [pperne 
| Ay | tipops |, t DSDO | 









i IWRAS 


ia tlASLW 
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tiBMAS 1 | we tIASBM 
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gwinoow Y } 


Figure 37 » MicroVAX 78532 I/O Bus Master Write Cycle Timing 





» MicroVAX 78532 vO Bus Master Read and Write Cycle Timing Parameters 


Symbol Signal Definition Requirements (ns) 
. Min. Max. 


tans IDAL < 31:00> address setup time to IAS assertion  2P—28 _ 
oer IDAL < 31:00 > address hold time after IAS assertion 2P—15 — 





ties IAS assertion to IDBE and IDS (read) assertion 3P-—15 3P+20 

te. IAS assertion to read data valid — 11P—30+4PS 

truspso -—«s LASS assertion to IDS assertion (write) 5P-15 5P+20 

tices TAS and IDBE deassertion to bus slave IDA- — 2P—20 
L<31:00> three-state | 

tusuw _-— LAS deassertion width 4P-—25 = 

tustw ._—«L AS. assertion width 12P—15+4PS — 

tusws LAS assertion to beginning of TERR/IRDY/IDMR — 6P—45+4PS 
sample window 
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Symbol Signal Definition 


tiaswe 


tiassm 
traswr 
tramas 
tinsiw 
tops 
tinsas 


tipsp 


tispr 


tipspo 





IAS assertion to end of IRDY/IERR/IDMR sample 6P+10+4PS — 
window 


IBM<3:0> hold time fromTAS assertion == 3P-20 — 
TWR hold time from TAS deassertion —_— MN _ 
TBM<3.0> setup time before TAS assertion  -P-25 2 — 
IDBE assertion width _ 9P-20+4PS — 


IDAL<31:00> write data setup time to IDS assertion 3P-30— CS 


IDS deassertion to TAS and TDBE deassertion  _ —P-15 — 


IDAL< 31:00> read data hold time after IDS" ie aaa’ —_ 
deassertion | oo 


IDS assertion to IDAL<31:00> read data valid rhe Pes BP — 35 + APS 


IDAL<31:00> write data hold time from IDS 5P20 et 
deassertion a reer 





tinspz 


tisuw 


tipsiw1 


tpsiwo 


tiwen1 


tiwras 


TDS deassertion to bus slave IDAL<31: 00> three- ss _ 3P-20 
state on read bus cycles teeth ay 


IDS deassertion width (read) - ~ §8P-50 — 
IDS assertion width (read) 8P—20+4PS — 
TDS assertion width (write) P+ 2044PS — 


IRDY internal sample window end to IDAL<31:00> — 5P—25 
read data valid - i 


IWR setup time before IAS assertion 3P—35 _ 
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I/O Bus Slave Read and Write Cycles | 
Figures 38 and 39 are timing diagrams for the I/O bus slave read and write ple respectively Table 
28 lists the associated ming smeporine | 
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Figure 38 « MicroVAX 78532 I/O Bus Slave Read Cycle fa 
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Figure 39 = MicroVAX 78532 I/O Bus Slave Write Cycle Timing 


Table 28 = MictoVAX 78532 yo Bus Slave Read and Write = Cr Timing Pca: 


Symbol Signal Definition -quireme ae) 





tuspse Required TAS assertion to IDS assertion delay eat 3P=20. 3P 4.25 
cy cles) — 

tuspsw _ Required IAS assertion to IDS. assertion delay. (rite 5P—20 5P+25 
cycles) ae 

tras TAS deassertion width 3 sore gett op I D5 nm 

tasme TAS deassertion to IRDY/TERR Seoeserict ae ee ~nermcgee- AO) 

tee IBM <3: 0 > setup time before TAS assertion — -P—25 | _ 

trope 4 IDAL<31:00> data hold time after TDS Aan oO | os 
(slave reads) 

tronw Required IDAL<31:00> hold time after IDS deas-. 35 — 
sertion on MicroDMA bus-slave writes 

tmpsw - Required IDAL<31:00> setup time before IDS deas- 20 = 
sertion on MicroDMA bus-slave writes 

tisass Required IDS deassertion to IAS deassertion delay P-—20 — 
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Symbol Signal Definition = a, ~ | Requirements (ns) — 

tsps IDS deassertion to IDAL< 31:00> three-state a 5 

tums Required IDAL<31:00> hold time after TAS assertion 35 — 

— IRDY assertion to IDAL< 31:00> data valid for P+35 — 
MicroDMA bus-slave reads 

tank Required IDAL<31:00> setup time before TAS” oe —_ 
assertion 

twex  IWR/IBM<3:0> hold time after IAS deassertion  P—25 _ 

tins IWR setup time before IAS assertion —3P—50 _ 

1/O Bus DMA Cycle 


Figure 40 is a timing diagram for the I/O bus DMA cycle. Table 29 lists I/O bus DMA a timing 


parameters. 


iDMR taRG 
ae ee sg a ORG 
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PO an ge 


IMASTER IS DEASSERTED 


Figure 40 « MicroVAX 78532 I/O Bus DMA Cycle Timing 
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Table 29 = MicroVAX 78532 1/0 Bus DMA Cycle Tin a Bah 
Symbol oe 






tess > ScAmsert TONG to TAS 
three-state 





tiapp IDAL < 31:00 > three-state to assert IDMG ae eite eee gps § 





cx Aseted TK onal) eagle wn col 
_ [DMG assertion. DS 





tase TAS and IDBE deassertion to IDMG insertion ey se ema 


tas Asserted IDMG (internal) sample window end to IAS — 10P + 35 + 4PK" 
assertion ed ial? 


tips 


a ed Zz 9 + 45-+40Kt 





tincnp Deassert IDMR to IAS/IDS/T 
_ three-state 





— 3P +35 


tmppt _Deassert IDMR to IDAL<31: 00> chape-oind stint ipa  P+30 
tii: Dessei IDMR MR (internal) = window end to — 2P +40 





*Maximum ahié determine ae seats i‘ oe 











Figure 41 shows she yO ‘ep thank request si (signe Oe og 





Figure 41 = MicroVAX 78532 I/O Bus Transfer Request Timing 
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Symbol Signet DpeBiisions x oe 

trrea  TFR<3:0> assertion to TAS assertion for requesting — ee 25P + 30+4PK* 
channel 

tirrp TAS assertion to ITR<3:0> deassertion to assure. — = 6P=35+ 4PS | 


"present requested bus cycle is last of ITR requested = 
bus cycles (MicroDMA is bus master) . 


*K=The number of microcyctes (0, 1, 2, 3, 4) that the sequencer is busy. ~ eae 


yo Bus General Signal T 


iming 
Figure 42 shows the general timing for the I/O bus signals. Table 31 lists I/O bus ace signal 


timing parameters which include sample windows times for the e asynchionos signals, 


ICLKO al 





_ =g mi ZA, sun woo OA ZZZ 


TRDY 
tIWB 


"Se MM if 2 
— lla, wis 1 


| - SAMPLE WINDOWS FOR ASYNCHRONOUS SIGNALS _ 











DRIVE TIMES 


Figure 42 » MicroVAX 78532 I/O Bus General Signal Timing 
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Table 31 = ‘MicroVAX 78532 I/O Bus General iam. ah Parameters 7 
Symbol Signal D 











ae cae serted 


ee "Shel : abe 
ticwe  ICLKO t IDMGABHIR/TERR) TR IRDY sample win dow a : - 
end 7 | ere 


tiws ICLKO 1 to beginning of r 
window 


— ICLKO to end of ITR< 3 a TS REG sample window 5 — 


iv <3: 55 /REG sme * a 





ICLKO to beginning of TIR< :0> sample v es: 
tmwe  ICLKO toendof iR<3.0> sample window MEE OPES — 
thas ICLKO to I TERR/IRDY VY assertion 3P—5 3P+26 











MicroDMA ntetase deine vaty ee ee on am type eof veciclobe eee interfaced. Figure'43 
is a simplified example of a typical interface application. The MicroDMA is used as an interface 
between the MicroVAX CPU and an 8-bit peripheral chip similar to an Intel* device. 

*Intel is a trademark of Intel Corporation. 


An address latch and decoder enables the MicroDMA and other devices on the MicroVAX bus. If 
more than one device on the MicroVAX bus can respond to a DMA or an interrupt acknowledge in 
cycle, the devices are connected as a daisychain as shown. The peripheral chip has separate read and 
write controls. The assertion of the TWR and IDS lines indicates that a write operation is required. 
The assertion of the IDS signal without the TWR being asserted indicates that a read operation is 
required. The peripheral interface includes buffers for the IDAL data and addresses, and a decoder 
for asserting signals such as DACK (a DMA data transfer acknowledgment signal), CS (a peripheral 
chip select signal), and peripheral chip register addressing signa signals. The IMASTER signal is asserted 
(MicroDMA is the default master of the I/O bus) and the IDMR signal is deasserted so that another 
device cannot request control of the I/O bus. 


Timing for the interface is from a common 40-MHz clock. The timing logic used depends on the 
type of peripheral chip(s) being interfaced and determines when an I/O bus cycle can be terminated 
and when IRDY line should be asserted. All the chips are reset by common reset circuit. 
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Figure 43 = MicroVAX 78532 Typical MicroDMA Interfacing 
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- Features 


. Compatible with the MicroVAX 78032 CPU 


. 32-bit memory data organization — 


- Controls operation of 4 Mbytes of 256K by | 


1-bit dynamic RAMs 
= Generates multiplexed address, RAS and 


CAS signals for as many as four banks of 


memory 


- Two access speeds for use with different- 


speed dynamic RAMs 











= Supports battery backup refresh 


. Supports parity error reporting with address | 
capture | | | 





« Bus timeout error devecion aia reporting 
5 Generates 100-Hz interval clock 


2 Double-metal CMOS technology 


+ Minimum p parts count ‘memory interface. 


- Four refresh modes 


. Description 


The MicroVAX 78584 Dynamic Ram Controller (DYRC) provides a low cost t interface betiieen the 
MicroVAX 78032 CPU and 4 Mbytes of dynamic RAM (DRAM). The DYRC supports 256K by 1-bit 
DRAMs and supplies multiplexed address, timing strobes, and refresh/access arbitration control. 
_ Two operating speeds allow the designer to use different speed DRAMs. The choice of speed 
determines whether memory errors are reported during the same cycle or a following cycle. Error 
address capture logic is implemented in the DYRC to aid in the reporting | of memory errors. The 
DYRC also provides battery backup refresh support, a 100-Hz interval timer, and bus timeout logic 
to report nonexistent addresses or no response to the address strobe. Figure 1 is a block diagram of 
the MicroVAX 78584 DYRC. 
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Figure 1» MicroVAX 78584 DYRC Block Diagram 
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Using the DYRC results in a minimum part count 32-bit DRAM. memory yinteiface that requires a 


single 5-Vdc supply and is compatible with the MicroVAX 78032 CPU. 


Pin and Signal Description 


This section provides a description of the input and output signals and power and ground 
connections used by the MicroVAX 78584 DYRC. The eee pin assignments are shown in Figute 2 


and summarized in Table 1. 
VPARITY INCLKSEL PEEOELE RINPRG ZO0MHZ VSS RS RAS3 AS RASO 


PARIN | TEST | REFSEL1| RRGST | SLOW | VoD CSR | PFAIL | RAS2 | RASi | SELECT 


74 73.72 #71 #70 69 68 67 66 65 64 63 62 61 60 59 58 57 56 55 54 =\ 





CASO —475_ ee : pps a er. +83 BSI 
CASI 476 52|— Bso 
CAS2 —477 | | 51 NC 
CAS3 {78 50 }— NC 
SPARE —4 79 49}— NC 
DALO —4 80. 48}-— DALI9 
DAL1 —~481 47) DAL18 
apo —4 82 46 ~ ADB 
pat2 —4 83 “45 DALi7 
vss —484 44l— oauie 
if | MicroVAX 78584 : | 
VeRO ==! ae : DYNAMIC RAM : ae 437— VoD 
DAL3 —42 ; | CONTROLLER | oe  42- vss 
AD1 | 3 41 | AD7 
DAL4 ——4 4 40-— DALIS 
DALS —4 5 39 DAL14 
Ap2—4 6 38-— AD6 
pais —47 37 DAL13 
DAL7—4 8 | rae 36 f-— DALI2 
AD3—49 | 35-— avs 
pais —4 10 a | | | 34 OUTENB 
DAL9 ——411 33 DBE 


12 13 14 #168 16 17 .18539- 20 21 22 .23 24 26-26-27 28 29 30 31 32 


Samana 


apa | dati | BMO | BM2 | RESET | vop | RDY | WR | cs2 cso | DV 





Pmremaameunel 


DALIO. INTTIM BMI! BM3 vss CLKI. ERR EPS CS! ENBTMR 


Figure 2 « MicroVAX 78584 Pin Assignments 
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“Table 1. MicroVAX 78584 Pin on Signal Summary 


Function/Definition 


Data address lines <19:00>—During the 
address portion of a memory cycle, the 
address on DAL< 19:02> is used to form the 
row and column addresses. 


_ The DAL<15:00> lines are used for the 


transfer of information to and from the com- 


mand status and fault address registers. 





Pin 080% Signal a "Input/Output 
48,47,45,44, ‘DAL< 19:00> input/output 
40;39,37,36, 

14,13,11,10, 

8,7,5,4,2,83 

45 SELECT _ input __ 

61 ORS input 

62. CSR” input 


Slow—Matches the operating speed of the 
DYRC with the speed of slower memory chips. 


Select —Selects the chip: for a memory access 
cycle. 


Register select—Selects access to the two 
internal registers. 


Command status register select—Selects 
which of the two internal registers is to be 
accessed... Pein 





57 «EB 


to 
28-30 ~CS<2:0> input 
19-16 BM <3:0> input 
53,52 BS<10> input 
46,41,38,35 AD<8:0> output 
12,9,6,3,82 Li | 

59,58,56,55 RAS<300>_ ‘output ! 
78-75 TAS<3:0> output 
24 _ RDY - output 
34 OUTENB input 
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perma Seube—A ae ae the CPU that 


_ latches address and control information into 


the DYRC and starts a RAM access cycle if the 
SELECT sath is is asserted c or an n internal regis- 


Conc. eee Deen “ve type of bus 
cycle to be performed. 

Byte masks—Selects the’ byte(s) to be 
accessed. 


Bank select—Selects the bank of memory to 
be accessed. 


Address <8:0>—Provides the multiplexed 
memory address to the RAM array. | 


Row address strobe—Strobe signals used to 





latch the row address into the memory bank 


selected by BS<1:0>. 


Column address strobe—Strobe signals used 
to latch the column address into the byte(s) of 
the memory array selected by BM<3:0>. 


Ready—Synchronizes the data transfers. 
Output enable—Enables the DYRC outputs. 
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Pin Signal Bape Out Function/Definition _ 
26 WR input Write—Indicates the direction of data trans- 
3 aed | fer on the DAL< 19:00 > lines. 
33 | DBE input Data buffer enable—Enables the three-state 
: | : DAL<19:00> lines drivers ane an inter- 

nal register read. 

70,69 REFSEL<1:0> input Refresh select—Select one of four refresh 
modes. 

27 EPS input External processor strobe—Provides a refresh 


request synchronization for processors that 
use external processor cycles. 


68 RRQST input Refresh request—Used by external logic to 
| request a refresh cycle. 
RINPRG 


67 output Refresh in progress—Indicates that a refresh 


cycle is in progress. 
31 _ ENBIMR input Enable timeout timer—Enables the bus 


timeout function. 


74 PARIN input - Parity in—Used by external logic to report a 
| parity error to the DYRC. 


25 E | output Error—Indicates a parity error or bus timeout 
| condition to the CPU. 


73 VPARITY output Valid parity—For use by diagnostics to verify 
: Ph | the operation of parity logic by forcing it to 
write a wrong parity. 


q 


32 output Data valid—Indicates that the data being 


written to or read from memory is valid. 


23 ~ CLKI input Clock input—A clock input that provides 
timing for the DYRC and synchronization 
with the CPU. 


65 — 20MHZ input 20 MHz—An epeional ape input for gener- 
ating 100-Hz internal timing and bus timeout 
timing. 


71 INCLKSEL input Internal clock select—Selects the clock source 
| to be used for generating internal timing and 
bus timeout timing. 


15 -  INTTIM output Internal timer—A 100-Hz clock that can be 
| used to support operating system timing func- 
tions. | | 
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Be werfail—Continues memory refresh opera- 
tion during a powerfail condition when 
refresh mode 0 or 1 is selected and memory 








has battery backup. | 
20 ~ RESET input Reset—Sets the- DYRC to a known initial 
7 Boo Ga Spe, 
1,22,43,64  Vop input on Voltage—Power — voltage. 
21,42,63,84 Vs input Ground—Ground reference. 
72 _ TEST input SSCS Teest—Reserved for manufacturing use. 





Input and Output Signals 

Data address lines (DAL < 19:00 > )—These lines are used to form the multiplexed address for the 
256K dynamic memory chips and to transfer information between the CPU and the two internal 
registers. During a memory read or write cycle, lines DAL < 19:02> are latched into the DYRC by 
the assertion of the AS input. The multiplexed row and. column address is formed from this 
information. Lines DAL< 19, 17, 15, 13, 11, 09, 07, 05, 03> are used to form the 9-bit row address 
and lines DAL< 18, 16, 14, 12, 10, 08, 06, 04, 02> are used to form the 9-bit column address. The 
DAL< 15:00> lines are used to transfer information between the two internal registers and the 
CPU. Access t to the internal registers is controlled oy the ve and a inputs. 


Select ELECT) —This si dada when basceie 3) esther ade ress decade — tuichiled a memory 
access cycle when the AS signal is asserted. The CAS< 3:0>. Lad and the RDY RDY and DW DV ignals. 


enabled when this input is asserted. 


Register select (RS) —This signal, when eagented by eet sclcaoae desiide es sitalieas a wet or 
write access to the internal registers of the DYRC. The two internal ial registers can be positioned in 
the I/O page or mapped in into rsneenony space hie the: ndesigner The RS RS and SELECT inputs must be 
mutually exclusive. PERE K SOE BOR I FE 


Output enable (OUTENB)—This signal i is anecied to enable bs ae outputs: AD<8:0>, 
RAS <3:0>, CAS<3:0>, DAL<15:00>, RD RDY, DV, RINPRG, ERR, INTTIM, and VPARITY. If 
the OUTENB input is not asserted, these outputs are high-impedance 


Address strobe (AS) —This signal, when asserted, latches the I Al <19:02> and BS<1:0> line 
information into the DYRC. The assertion of the AS input starts a a memory access cycle if the 
SELECT input is asserted or an internal register access ic if the RS ee is asserted. The AS 


input is also used to internally synchronize the refresh logic: - 


External processor strobe (EPS)—This signal and the xs and SELECT signal's are used to 
internally synchronize the refresh logic. 

Control status lines (CS < 2:0 >)—These signals are decoded by the DYRC with the WR input to 
monitor the type of bus cycle being performed. Table 2 lists the bus cycle assignments and indicates 
if a memory access is allowed for the cycle selected. 
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WR CS Line* orn... Bus Cycle Type Seen “Memory 
2 1 0. | Access 

H LL LL reserved No 

H L L H reserved | | a No 

He ¢ Lis ps Were s beer reserved | No 

H L H H interrupt acknowledge No 

H H L L read (instruction) © Yes 

H ##=H L He EC read lock _ | Yes 

H H H Ain i read (data, modify intent) Yes 

H H H eH read (data, no modify intent) — Yes 

L L L L reserved No 

L 1¢ L H reserved No 

L Es H L reserved No 

L L H H reserved No 

Lig a ee ate reserved - No 

L H L. 4H —. write unlock _ | Yes 

L H H L _sreserved he Gna No 

L H H H ___ write (data) | oe ae Yes 


"H=high level, L=low level. 


Byte masks (BM < 3:0> )—These signals are used to generate the information on the CAS <30> 
outputs. During a memory read or write cycle, the byte mask BM< 3:0 > lines that are asserted 
result in the corresponding CAS <3:0> line being asserted. 


Bank select (BS < 1:0>)—These signals select one of the four banks of memory for access sy 
selecting the RAS line to be asserted as described in Table 3. . 


Table 3. MicroVAX 78584 Bank Select Decoding 


BS Line* | | | _ RAS Line 

1 O20 | 
L L RAS<0> 
L oH RAS<i> 
H aes RAS<2> 


RAS< = 
*H =high level, L=low level. = 
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be Located When aaa CSR input is asserted the nly status s register is 5 selected When the cSR 
input is not asserted, the fault address register is selected. | 3 


Write (WR)—This signal is used ah the: DYRC to Ssneie a on or a write bus ore, 7 





connected to the p proper aa eet Table 4 the RE the PT int — | sented. Thess = 





_ Table r . - MicroVAX 78584 54 Re : 








REFSEL iG: uit ak ~ Mode -_ 

; gs deen Serge A 

0 | 0. :, 0 

0 od 1 - 
1 0 2. _ 
1 al. A} 7 


Refresh request ¢ RROST)—This signal i AS asserted by external logic t to request 2 a memory y refresh 
cycle when refresh mode 2 is selected. If the DYRC is operating in re Tan 





signal is asserted, an extra refresh cycle will be performed. However, this does no have any affect 
on the refrest refresh interval because the internal c counters on tk gi YRC are not chan: 


to soit the CPU a an error. - The CPU is then ee, toe examine the CSR to determine the cause 
of the error. This pin should be connééted to’Vpp or Ves.” 


Parity in (PARIN)—This signal is asserted by external parity chide Geis when : a parity error ‘Pins 
occurred. If this eae is not ies it should be connected | to itil thro 1g an extern: eee 
resistor. 4 


Clock i input (CLKI)—This is the input setael that eovidei agé : be sic timing penta fee he DYRC. 


20 MHz (20MHZ)—This clock is used to generate the 100-Hz INTTIM c output and the 25 us bus 
timeout timer if selected by the INCLKSEL input. “a 


Internal clock select (INCLKSEL)—This signal selects the clock source to be used to generate the 
100-Hz INTTIM output and 25-ps bus timeout timer. When the INCLKSEL signal is asserted, the 
CLKI divided by two is selected as the clock source. When the INCLKSEL signal is deasserted, the 
20MHZ input is selected as the clock source. This pin should be connected to Vpp or Vss. 
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Powerfail (PFAIL)—This signal is asserted by external logic to notify the DYRC of a system power 
failure and that the DYRC is to continue refreshing memory from a backup power source. This 
signal is functional in refresh modes 0 or 1 only. When the DYRC is used without a backup power 
source, the PFAIL input must be pulled up by an external resistor. 


Reset (RESET)— This line is asserted to set the DYRC toa known state. | 

Voltage (V,,)—Connects to the power supply voltage. 

Ground (V,,)—Connects to the ground reference. , 
Test (TEST)—Reserved for manufacturing t use. This pin must be connected to Vow. 


Output Signals 

Address (AD < 8:0 >)—These are the multiplexed memory address outputs. When the selected 
RAS <3:0> output is asserted, these lines contain the row address for the DRAMs. When the 
selected CAS < 3:0> output or outputs are asserted, lines AD <8:0> contain the column address 
for the DRAMs. These outputs cannot drive the DRAMs directly. Therefore a memory driver is 
required between these lines and the memory array. Each line is capable of driving up to sa 
memory driver inputs. : 


Row address strobe (RAS < 3:0>)—These signals are anal to Gen a row Hinata into the 
selected bank of memory. The RAS<3:0> line or lines to be asserted are selected by the 
BS<1:0> inputs or by the refresh logic. The RAZ<3:0> outputs cannot directly drive the 
DRAMs. A memory driver is required between these lines and the memory array. Each line is 
capable of driving up to four memory driver inputs. 

Column address strobe (CAS < 3:0 > )—These signals are used to latch the column address into the 
selected byte(s) of the memory array. The lines to be asserted are selected by the BM < 3:0> inputs. 

These outputs cannot drive the DRAMs directly. Therefore a memory driver is required between 
these lines and the memory array. Each line is capable of driving up to four memory driver i inputs. 


Ready (RD Y)—This signal is asserted to notify the controlling processor that the current memory 
access bus cycle or internal register data transfer bus cycle can be completed. 

Data valid (D DV )—This signal is asserted by the DYRC to notify the external error detection and 
correction logic that the data being read from or written to memory is stable. 

Error (ERR)—This signal is asserted by the DYRC to notify the CPU that the parity checking ce 
has reported a parity error to the DYRC by asserting the PARIN signal or that a bus timeout 
condition has occurred. When there is more than one DYRC in a system, only one should report a 
bus timeout. 

Refresh in progress ( RINPRG)—This signal i is ead to notify the external logic that a refresh 
cycle is in progress. 

Interval timer (INTTIM)—A 100-Hz timer lot use by the operating system. 

Valid parity (VPARITY)—This signal can be used by diagnostics to verify the operation of the 
external parity checking logic. This ais signal i is controlled by the write wrong parity (WWP) bit in the 
command status register. When VPARITY is asserted, the ape logic should function normally. 
When deasserted, the parity should be inverted. 7 | 
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This section describes the basic operation and organization of the MicroVAX 785 84 DYRC. 


Memory Organization . 
The DYRC supports a 32-bit, byte oriented, memory data organization. Because of the byte 


orientation of the MEMORY array, parity shocking should be pestormed. on each byte e. This results in 





i i 


up to. a banks of memory. Each. bank cutains. 1 Mbyte ssben 256K dynamic RAMsai are -used i) a 
maximum memory array of 4 Mbytes per DYRC. 


Read/Write Operation - 7 : : 
For a read/write operation, the DYRC provides the multiplexed memory address, 1 row address 


strobe, and column address strobe to the memory array. It also generates the RDY signal required 


for bus cycle termination. The 1 timing information for: a 1 read 0 or, write cycle is in the Specification 
section. 


A memory read or write oycle i is initiated by the assertion of the SELECT and AS signals. If 2 a 
refresh request is not pending or in progress, the DYRC transfers the row address on the memory 
address bus and assert the RAS< 3:0> output as selected by BS < 1:0 >1 
row address hold time, the DYRC transfers the column address onto the memory address bus and 
asserts the CAS <3:0> outputs as selected by th 
signal to notify the CPU that the current bus cycle can be completed. The assertion of the RDY tthe 
is determined by the type of memory cycle (slow or fast) being performed. The data on the 
DAL <31:0> lines is the data’to be written into‘or read from the accessed DRAM chips. The DV 
signal is asserted to notify the external logic, such as parity or EDAC logic, that the data is valid. 
The AS signal is deasserted and the memory access is eee The DYRC uses the early write” 
mode of the DRAM for writing dataintomemory. tit 


If a memoty tefresh is pending or in progress when the D‘ RC. is einen and the AS slatiah' is 
asserted, the memory access will be delayed until the refresh cycle is completed. The MicroVAX bus 
cycle is stretched by the delay of the assertion of the seal from the DYRC. | 

















The 2 AS, SELECT EPS, ant PFAIL inputs ¢ are nee = the DYRC to biter a ebres: gycle: The 
DYRC performs the arbitration and control for the refresh cycles that may be started 2 the 
following: 


. Detecting the deassertion of the AS signal when the SELECT signal i is asserted. The DYRC knows 
when the next assertion of the AS signal will occur. This allows time for the DYRC to arbitrate 
between a refresh cycle and the next memory cycle. | 


« Detecting the deassertion of EPS. The DYRC will perform she — refresh oe dusings the 
_ execution of long floating-point i instructions. 


: Detecting the assertion of the AS signal when the SELECT SELECT or E EPS are deasserted for an extended 
period of time (62.5 us maximum). Four consecutive rows will be refreshed during the refresh 
cycle. This allows refresh cycles t to be Me Sante while the CPU i is ‘Conmatiaitating with slow 
peripheral devices. | 
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: At the assertion of the PFAIL signal. This condition inhibits memory accesses other than-refresh’ 
cycles. When the PFAIL signal i is asserted, the automatic refresh occurs only when refresh mode 0 
or 1 is selected and there is a backup power source. | 


A refresh cycle consists of transferring the refresh address onto the memory address bus, asserting 
the RAS<3:0> line information, and incrementing the refresh row address counter by 1 until four 
rows have been refreshed. While a refresh cycle is in progress, the DYRC asserts the RINPRG signal. 
The refresh cycle is completed when the RAS <3:0> lines and the RINPRG signal are deasserted. 
Any memory accesses attempted during a refresh operation are deferred until the refresh is 
completed. = i 


DMA devices that access memory controlled by the DYRC must consider the latency time that may 
occur as a result of a refresh cycle. The DMA device can use RINPRG to detect a refresh cycle i in 
progress. — 

The four refresh ae that 2 are selected by the REFSEL< 1:0> lines are listed i in Table 2. The 
refresh mode to be used is selected when the RESET line is asserted. | 


Mode 0—In this mode refresh operation is automatically controlled by the DYRC. The DYRC will 
refresh 256 consecutive locations in 4 ms when the clock input is 40 MHz. During the powerup 
sequence, the the memory array is initialized with eight refresh cycles before any access is permitted. 
The RINPRG output will be asserted during refresh cycles, 


Mode 1—In this mode, refresh operation is automatically controlled by the DYRC. The DYRC will 
refresh 512 consecutive locations in 4 ms when the clock input is 40 MHz or 256 consecutive 
locations in 4 ms when it is 20 MHz. During powerup, the the memory array is initialized with eight 
refresh cycles before any access is es The RINPRG omnes will ee asserted Curing refresh 
cycles. 


Mode 2—In this mode, vcfveah operation is cc scence by. external iis The égetndl lopic 
requests a refresh cycle by asserting the RRQST input. The DYRC arbitrates the refresh cycle, 
asserts the RINPRG output, performs the four refresh cycles, and increments the refresh counter. 
The RINPRG output can be used to clear the RRQST signal. During the powerup sequence, the 
memory array is initialized with eight refresh cycles before any access is permitted. Automatic 
refresh is not performed after powerup. 





Mode 3—In this mode the refresh operation is satis and 1 no ) refresh will occur oo the 
powerup sequence. | , 


eee Registers 2 : 
The DYRC contains two 16-bit registers. The control and status register (CSR) is a sar fsrtate 
register that is used to transfer control and status information between the processor and the 
DYRC. The fault address register (FAR) is a read-only register that is used to store the address of the 
page in memory being accessed at the time a parity error is reported. Access to the CSR and FAR is 
controlled by the RS, CSR, and WR inputs. The RS input selects the DYRC for a register access, the 
CSR input selects the register to be accessed, and the WR input determines whether a read or write 
transaction is to be performed. The addresses for the CSR and FAR registers must be on a longword 
boundary. Because these registers are 16 bits wide, they must be accessed using word i instructions. 


Control Status Register—The control status register. (CSR) enables parity error support, reports 
parity and bus timeout status, and forces a wrong parity for diagnostic purposes. During the initial 
powerup sequence or at the assertion of the RESET input, this register is cleared. Figure 3. shows 
the CSR register format and Table 5 describes the function of each bit. 
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READ AS O's 


wwe BTO 


Figure 3 = MicroVAX 87584 Control Status Register Format it 


~ ‘Table 5 « MicroVAX 87584 Control Status Register = besa _ 
Bit Description 





15 ERRSTAT (Error s status)— This bi re used t to renee a parity error Shadi is set when the ENB 
(bit 13) is set and the PARIN input is asserted. When set, this bit indicates that a parity 
error has been a detected by the external arity bese This bit i is cleared when the CSR is 





14 WWP (Write wrong aie TEE B biti is set ape cleared TT neue When set, it causes 
__ the VPARITY ‘output to be deasserted. When cleared, the VPARITY output is asserted. 
Can be u ing di i verif | the operation. of the external parity 












| "ENB ee bit i is ee to = aa ae ig eats f sat arit ee 
__. parity error Teporting: function of the DYRC and lean red to- dis 





CPL ) 1 he DYRC disables we parity ertor reporting 
it.” this 5 is s done to Lic a =? parity errors from corrupting 


Z es ae 
ay 2 ee 


12 BTO (Bus timeout) —When set, this bit indicates that the bus has aimed out. This bit is 
set enabled when the ENBIMR input is asserted. This bit is cleared when the CSR is read 
or the RESET input is asserted. 


11:00 RAZ (Read as zeros) —Not used. 
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Fault Address Register—The fault address register (FAR).is read-only register that is used to store 
the address of the page in memory being accessed when a parity error is reported to the DYRC. This 
register is cleared when the RESET input is asserted. Figure 4 shows the FAR oes and Table 6 
describes the function of each bit. | 





ERRSTAT |~ fesemved $$ $_——______J 


BS<1 :0> DAL<19:09> . 


Figure 4+ MicroVAX 78584 Fault Address Register Format 


Table 6 = MictoVAX 78584 Fault Address Register Description 


Bit Description 
15 _—_— ERRSTAT (Parity error status)—This bit is set when external parity logic detects a parity 


error and asserts the PARIN input. When set, register c contents cannot be changed. 
Cleared by a processor read transaction or when the RESET input is asserted. 


14:13  BS<1:0> (Bank select)—These bits contain the value of the BS <1:0> information at 
the time the PARIN input was asserted. This value can be used to determine the bank of 
memory with the parity error. Cleared when the RESET input is asserted. 


12:11 | RESERVED (Reserved)—These bits are cleared at powerup and set after the first memory 
| __ operation. They remain set until the RESET input is asserted. 


10:00 DAL<19:09> (Data/Address < 19:09 > )—These bits contain the aes of the page in 
memory being accessed at the time the PARIN pin was asserted. Cleared when the RESET 
7 input is asserted. 











Error Reporting 


The DYRC reports memory parity errors, bus timeout, and nonexistent memory address errors to . 
the CPU. For a memory parity error, the DYRC provides the error reporting interface between 
external parity checking logic and the CPU. The bus timeout logic monitors the MicroVAX bus 
activity and reports a timeout error when the addressed device does not respond by asserting the 
RDY signal. When an error has been reported to the CPU by the DYRC, the error handling routine 
must read the CSR to determine the type of error being reported. 

Parity Error Reporting—The DYRC provides the interface between external parity checking logic 
and the MicroVAX 78032 CPU for reporting a parity error. Parity error reporting is enabled by 
setting the ENB bit in the CSR. When a parity error has been detected by external parity checking 
logic, it asserts the PARIN input of the DYRC. This causes the page address to be captured in the 
FAR, the ERRSTAT bit in the CSR to be set, the parity error logic to be disabled by the clearing of 
the ENB bit in the CSR, and the CPU to be notified of an error by asserting the ERR output. The 
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DYRC will hold the ERR signal asserted until the next data stream access to memory. This ensures 
that the CPU will detect the error condition and respond. After responding to the parity error, the 
software must reenable the parity error logic by setting the ENB bit in the CSR. Refer to the 
MicroVAX 78032 Central Processing Unit User’s Guide for information on error handling. The parity 
error reporting logic also aids parity and error detection and correction (EDAC) designs by 
providing a data valid strobe. The DV strobe can be used by external parity or EDAC ee as an 
indicator that the data on the bus is valid. 


Bus timeout error—The bus timeout logic provides a means to monitor the MicroVAX bus activity 
and to notify the CPU of a nonexistent memory error or some other error that causes AS to be 
asserted for more than 25 ps. Proper operation of this logic requires a 40-MHz clock input with the 
INCLKSEL input asserted or a 20-MHz input with the INCLKSEL input deasserted. The bus 
timeout logic is enabled or disabled by connecting the ENBIMR MR input to Vpp or Vs. When the bus 
timeout logic is enabled and the AS i input h has been asserted for more than 25 us, the DYRC will set 
the BIO bit in the CSR and assert t the ERR ERR i 





Interval Timer 

The interval timer provides a 100-Hz etoat (INTTIM) that can be used to support operating 
system timing functions. The clock source for this output is selected by the INCLKSEL input. 
When this input is asserted, the clock source (CLKI) is divided by two and the output is the clock 
source for the timing circuit. When not asserted, the 20-MHz input is the clock source for the 
timing circuit. The INTTIM output will be 100 Hz when the input is 40 MHz or the 20 MHz input 
is 20 MHz. 


Powerfail Standby 

Powerfail standby is functional only when refresh mode 0 or 1 is selected. The powerfail logic 
provides automatic memory refresh for powerfail conditions when memory and the DYRC have a 
backup power source. Powerfail standby operation is enabled by the assertion of the PFATL input. 
This input must be asserted by external logic before the system power supply becomes unstable. 
When asserted and refresh mode 0 or 1 is selected, any aceriity on the MicroVAX bus is ignored, 
and the DYRC continues to refresh memory until the PEAIL signal is deasserted or the backup 
power supply fails. The PFAIL nem should be deasserted a maximum of 10 us before normal 
operation is resumed. | 


Reset/Powerup — con | } 
The DYRC will reset its internal counters and timing sequencers when the RESET input is asserted 
for a minimum of 800 us and the clock input is operating. When the RESET input is deasserted, 
the DYRC will initialize the DRAMs with eight refresh cycles. Memory access is delayed until the 
completion of the eight RAS-only refreshes. The DRAM data will be lost when RESET is asserted. 


‘When power is first applied to the DYRC, the RESET i input must be asserted for a minimum ae 800 
us after the power supply voltages have stabilized. 





- Interfacing Requirements 


A typical MicroVAX CPU and DYRC interface configuration is shown in Figure 5. The external 
logic required to interface a dynamic memory system is also shown. The actual logic may vary 
according the requirements of the system. The typical external components consist of external 
address decode logic, data bus transceivers with parity, memory address bus drivers, RAS and CAS 
drivers, and a write buffer. 
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_ Figure 5« MicroVAX 78584 Typical MicroVAX CPU and DYRC Interface Configuration 


Dynamic RAM Requirsinents | 
The DYRC supports 256K dynamic RAMs thet have the following characteristics. 


* Multiplexed row and column addresses 





« 9-bit memory address bus 
- Data in and three-state data out to allow common input/output 
: RAS only refresh 


« 256 count or 512 count 4 ms refresh 








The dynamic RAMs that meet the timing specifications in Table 7 will allow the MicroVAX 78032 
CPU to access memory with no wait states or one cycle slip. 
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Table 7 » MicroVAX 78584 Dynamic RAM Specifications 








Parameter | 7 Access with | Access with — 

no on slip (ns) one cycle.slip (ns) 
Access time from CAS | od aceenne AES ene gees 100 7 : 
Ria adcdiecs old cia BO sieaaeee yl lente ay ae 
Column address setup time 0 = npeition > Dion? eae 
RAS to CAS delay time 30 ee a 
RAS precharge time — 100C02~=~C—*i—t—“—i—‘“‘<‘“‘<‘zCHD 
CAS precharge time 30 a ob TC ees 
RAS pulse width ee rs ae ae: eae 
DMA Interface 


The DYRC performs DMA read and write cycles similar to CPU read Aa write Eas The DMA 
controller must control the DAL < 19:0> , CS<2:0>, BS<1:0>, WR, BM<3:0>, SELECT and 
AS lines, and check the state of the RDY and DV DV signals to transfer data to or from i memory. It must 
- also check the state of the ERR line for error conditions. 
When the DMA accesses a memory that is controlled by the DYRC, the DMA Spates must consider 
the latency time that may occur as a result of a refresh cycle. The DMA device can use the RINPRG 
signal to detect a refresh cycle in progress. The DYRC does not support refresh hold off. A DMA 
device must process a request without waiting or RAM M data could be lost. 


Specifications 
The mechanical, electrical, and environmental characteristics and {specifications for the MicroVAX 


78584 DYRC are described in the following pantemons The test conditions for ~- electrical values 
are as follows unless specified otherwise. Py 


+ Power supply voltage (Vpp): 5 V +5% 
« Ground (V,,):0V 
« Temperature range (T,): 70°C 








Mechanical Configuration 
The physical dimensions of the 78584 84-pin ai Parnes are contained in Appendix E 
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Absolute Maximum Ratings | 
Stresses greater than the absolute maximum ratings may cause permanent damage to the device. 
Exposure to the absolute maximum ratings for extended periods may adversely affect the 


reliability of the device. 

« Power supply voltage (V =: 5.0V +5% 

« Input and output voltage applied: -0.5 V Vpp plus 0.5 V (5.5 V maximum) 
« Storage temperature: -5°C to 125°C 


Recommended Operating Conditions 
« Power supply voltage (Vpp): 5 V +5% 
« Temperature (T,) 0°C to 70°C 


dc Electrical Characteristics 
The dc electrical parameters of the MicroVAX 78584 DYRC for the operating voltage and 
temperature ranges specified are listed in Table 8. 


Table 8 « MicroVAX 78584 dc Input and Output Parameters 


Symbol = Parameter Test Conditions _ ene Units 
Vin High-level 2 * 0 we } ae V 
Lr input voltage | - Bs. on 
Vin Low-level | 0 0.8 Vv 
- input voltage : ; -_ 

Vig High-level (EPS only) 2.6 Vi V 
input voltage — 

Vie Low-level (EPS only) | 0 - (0.2 V 
input voltage | oo | 

Vou High-level Ion =28 mA 2.4 Vip V 
output voltage | a 

Ve Low-level Ll 11 mA 0 0.4 V 
output voltage | | 

lic. Input leakage V.." 0 — =-10 pA 
current 

Le Output leakage V.* 0 -10 pA 

current | 

| a High-level 100 pA 

input current 
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Ion += ts High-level "40 mer 
output current ae | ees 

Ibp - Active supply current ) 300. mA 

C,, Input capacitance cons 5. 0 ; ; pF 

Ca. Output capacitance - : , 5.0 pF 

*To be determined. aan Pai 3 

ac Electrical Characteristics 


The ac timing parameters for the MicroVAX 78584 are grouped according to their functions. Figure 
6 shows the clock input waveform and symbols and the parameters are defined Table 9. Figure 7 
shows the timing and symbols for the reset operation and the parameters are listed in Table 10. The 
memory read signal timing is shown in Figure 8 and the write signal timing in Figure 9. Table 11 
lists the timing requirements for both memory read and write transactions. The refresh signal 
timing is shown in Figure 10 and the timing parameters are listed in Table 12. The register read and 
write timing is shown in Figures 11 and 12, respectively, and the parameters are listed in Table 13. 
Figure 13 shows the error reporting timing and Table 14 lists the timing requirements. 


The following notes apply to Figures 7 through 13 and to the associated timing parameter tables. 
- All times are in nanoseconds except where oted 
« The ac high levels are measured at 2.0 V and the low levels at 0.8 V. 


| foe oe pe gece lgegelanipeaimigeaee 





CAS<30> A <805,| RDY, and DV. 





tCiH | te -tc1p— 


tciR— ee ee ee ee 
tci-F —o tcIL 


Figure 6 = MicroVAX 78584 Clock Input Timing 
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* Table $ 9» MicroVAX 78584 Cloc ‘ Triput Puranicters: 


Symbol Definition 

tar _— Clock in fall time 
ton Clock in high 

ton, Clock in low 

top Clock in period 
tor Clock in rise time 









ese 


RASSIOS EIGHT REFRESHES 


CAS<3:.0> 
ROY 
‘pV 


UNKNOWN 








Figure 7 » MicroVAX 78584 Reset Input Signal | Timing | 


Table 10 = MictoVAX 78584 Reset Input Timing Parameters 


Symbol Definition* 


tere RESET assertion width after Vpp=5.0 V 


NORMAL CYCLE 


pacar (ns) 
Min. © Max. 

= 45. 
5 50. 
- 45 





Requirements (ns) 
Min. Max. 
800 us oe 
100 — 
50 — 
200 a 

3 ws — 


tous RESET deassertion 1 to AS assertion 

toje RESET assertion to RAS < 3:0>, CAS< <3: 0>, RDY, and DV | 
deassertion 

toe RESET deassertion to start of initial eight refresh ei (if 
refresh enabled) | 

— Time required to perform sent initial fehesh cycles (if refresh 
enabled) es ae ees 


*Delay from assertion of RESET to deassertion of AS by the MicroVAX 78032 CPU is typically 


1.5 ps. CLKI input must be applied while RESET is being asserted. 
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Figure 9 = MicroVAX 78584 Memory Write Cycle Timing 
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Table 11 » MicroVAX 78584 Memory Read/Write Cycle Timing Parameters 


Symbol Definition Requirements (ns) 
Slow Cycle —— Fast Cycle 
Min. Max. Min. Max. 





tasav  DAL<19:02> valid torow address valid #  .— 20. #2+10 20 
tasucasy AS deassertion to CAS < 3:0> deassertion _ 50. — 50 
tasupvy AS deassertion to DV deassertion _ — 50 a. 50 
tasuzpy AS deassertion to RDY deassertion a 50 —_ 50 
tasuov. AS assertion to DV assertion 425 450 ... 225 250 
tastrpy.* AS assertion to RDY assertion 260 300 60 100 
taste.” AS assertion to RAS assertion | 7 | | — 20 = 20 
tasisy SELECT hold time after AS assertion ibe — 15 — 
tcanasy Column address hold time after AS deassertion =§8 — 20 _ 20 
tai Row address hold time after RAS <3:0> assertion 55 100 30. 75 
tare. 4 RAS<3:0> assertion to read CAS assertion _ 105 150 55 110 
tey  _RAS<3:0> pulse width _ 315 350 240 275 
teiwc, RAS<3:0> assertion to write CAS <3:0> 115 140 3=115 140 
assertion 
ts. © DAL<19:2> and BS<1:0> setup time to AS es 
assertion 
in. | SELECT setup time to AS assertion 8 ae = 
tsrca Column address setup time before read CAS<3:0> 20 30 2030 
assertion | 
towea Column address setup timebeforewrite | 70 80 70 80. 
CAS <3:0> assertion ‘ ) 
_ RAS<3:0> precharge time ae | 50 — 125 — 


*The maximum times for taszrpy, ANd taszp, assume there is no refresh cycle in progress. 
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_ Table 12 » MicroVAX 78584 Refresh Timing Parameters — 


Symbol Definition _. Requirements (ns) __ 


Tapa 


Slow Cycle Fast Cycle 


Refresh address setup timetoRAS<3:0> 100 me in 29 100 
assertion ; | | 

Refresh address hold time afterRAS<3:0> 235 265 135 165 
assertion 


teerpere RAS<3:0> precharge ae 165 «185 = 165s: 185 


trerw 


RAS <3:0> pulse width 215 235 165 185 





2 6. 


Figure 10 = MicroVAX 78584 Refresh Signal Timing 
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Figure 11 = MicroVAX 78584 Register Read Signal Timing 
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Figure 12 « MicroVAX 78584 Register Write Signal Timing 


Table 13 = MictoVAX 78584 Register Read/Write Timing Parameters 


Symbol Definition ee Requirements (ns) 
t auenas _AS deassertion to RDY desscection - -_ | _ . aD 
pre _ AS assertion to RDY assertion tt i adn te D5 
tisinte Data setup before DBE deassertion © 50°05 ° = 
toa Required data hold time after DBE assertion | | 10 | | os 
tans DBE assertion to stable I/O data on DAL< 15:00 > ee ere), 
ice RS setup time before AS assertion | i _ 
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Preliminary MicroVAX 78584 
C$<2:0> DATA STREAM } INSTRUCTION STREAM DATA STREAM 





tPAERAL 'PAERRH—e 





Parity Error 
fiseieeseingaseserca nati RCA ARIE R TEST ST SEMEN STE ESE SEIS EEA I TS TERMS 


AS 
TASLERL 4 'ASHERL 
ERR | 


Time-out Error 





Figure 13 = MicroVAX 78584 Error Reporting Signal Timing 


Table 14 = MicroVAX 78584 Error Reporting Timing Parameters 


Min. Max. 
oa PARIN to ERR assertion _ 50 
Gos ERR deassertion after data stream cycle — 50 
tee AS assertion to ERR assertion 25 us = 
tasuere AS deassertion to ERR deassertion — 50 
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- Feature res” 





“ Low-cost MicroVAX development system contained a single module 


« Full-speed incircuit emulation of MicroVAX 78032 microprocessor chip a MicrovAX 78132 
floating-point unit chip Aeaes ; 


: PROM-resident monitor with powerful contthand set 





“ Hardware event detector for MicroVAX bus control signals and passe 


= 64 Kbytes of relocatable memory simulation RAM for target application 73 : : 

- Two RS-232-compatible serial lines for host and terminal connections, one with modem control 
= Internal clock of 10-, 20-, or 40-MHz or external:clock _ 
« Bus timing controllable by ADVICE and target or vy ta 





sta one (wait states only) 





= Powerup diagnostic tests to verify its own operation | | 





« Connectors for clock-in, trigger-in, trigger-out, power ade and RS. 232 ports 





= Single 5-volt power supply 


igeacinasa 

The Applications Development MicroVAX iieecuit Peas (ADVICE): is a low-cost, incircuit 
emulator used for the development of hardware and. software products based on the MicroVAX 
78032 32-bit microprocessor and the MicroVAX 78132 floating-point unit: Diagnostic or applica- 
tion programs for the user’s target may be developed on a VAX/VMS host and” downloaded to 
ADVICE. ADVICE contains al the necessar Rparcivaye and sofewate rani to quickly. and easily 
debug the target. : | 


The emulator is contained ona lea module and: inc. lads a PROMtesident: monitor, 32 Kbytes of 
monitor RAM, as many as 64 Kbytes of a memory simulati n RAM for the user’s ‘tatget application, 
a switch-selectable clock, a MicroVAX microprocessor (CPU) , a floating-point unit (FPU), and two 
serial lines—one for a console terminal and one for a host. An event detector is included to compare 
stored values to Micro\ JA} 


x ‘bus addresses or to the logiesl levels ‘of various i MCHEVAX bus control 
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Figure 1» ADVICE Block Diagram 
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The ADVICE enables the sean emulation of the MicroVAX CPU aiid FPU at full-speed (40- 
MHz) and provides the user with complete control over MicroVAX CPU operation. This includes 
the ability to start and stop the program operation and to single-step through a program. It contains 
hardware and software that can be used directly by the = taper application to simplify, the 
development of the target hardware and software. 


Figure 2 shows the system interconnections to the ADVICE module. The host computer is on to 
write, edit, and optionally debug the user programs that will eventually run on the target system. 
These programs are converted to hexadecimal format by the DECPROM software and downloaded 
to the ADVICE over a serial line. A local console terminal is used to enter commands and control 
the entire development process. 


HOST COMPUTER 





cmmionaatineammiqentinesiaitemmemmnediaoathemmnennatamnneamemanel Teentaal 
Cee ee Geez | eee 


POWER SUPPLY 


HOST COMPUTER CABLE 


- CONSOLE TERMINAL CABLE §< ~~ 





POWER SUPPLY CABLE 








re sh TRIGGER IN BNC 
— — eae Sele ry fF S__— TRIGGER OUT BNC 
CONSOLE TERMINAL a is J10 Gag mr | 
- POWER ON LED ———— Sees 
- SELF TEST LED e 
Q Ss 
RESET SWITCH 
DIP SWITCHES “ < 
TARGET CONNECTORS —™ 
CLOCK IN BNC 


Figure 2 « MicroVAX ADVICE System Interconnection 
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Module Connectors | | 
Table 1 lists the connector see that are included on the ADVICE module and their function. Refer 
to Figure 2 for the location of the connectors on the module and to the ADVICE User's Guide for the 
connector applications and signals. 


a “Table 1 ADVICE Module Connector 
Connector : . | Type. ad Function | 


ji cey BNE oo+ Clock i in 

J2 ee tat on 40-pin poe Target circuit 

3B 40pin Target cireut 

jJ7 BNC Trigger in _ 

js BNC Trigger out 

jo 4-pin Power supply 

J10 25-pin Host computer port (serial-line) 
Jil 25-pin Console port( serial-line) | 








The ADVICE module contains eight switches in a dual-inline packa e (DIP) that are cmd: to rselert 
various functions, a reset pushbutton switch, and. two LED indicators. Table - 2 lists the | positions 
and selections of the switchés on the DIP. The reset pushbutton is used to initiali: . and. 
causes a series of diagnostic tests to be performed. The Power on light indicates that the dc power is 
applied and the Self-test indicator is used to verify the correct “Spenitiog: of the diagnostic 
programs. | 








cube ihek, Table2- "ADVICE DIP Switch Functions aa ee 
jo ) oy lesion. an 





off ~ off | ees ae 5 External Clock | 
off on foe pale  10-MHz clock 
on off  20-MHzclock | 





off ee er es ee eS - FPU disabled 
OR vie ee ee FPU enabled 


off Comprehensive Sana 
on ee Limited diagnostics 
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Switch le | Selection 
, > gia cong tbs og % 4 oe 
off off off | 110 baud rate 
on off off 300 baud rate 
off on off 3 600 baud rate 
on on off 1200 baud rate 
off off on 2400 baud rate 
on off on 4800 baud rate 
off on on 9600 baud rate 
on on on 19200 baud mate: 
| off Modem control disabled 
on Modem control enabled 
PROM.-resident Monitor 


The ADVICE monitor is contained in 64 Kbytes of EPROM and allows the user to load, execute, 
and debug application programs. The monitor is controlled by the ADVICE commands and allows 
the user to perform the following functions: 


« Upload/download programs to or from a host in Intel, Mostek, or Tektronix hexadecimal fotreints 
“ Assemble MACRO-32 instructions from a terminal or host . 

= Disassemble information stored in memory to a MACRO- 32. instructions 

= Start or stop program execution 7 

- Single-step through a program 

« Examine and deposit memory and the CPU registers 

= Set and clear up to 16 software breakpoint and/or tracepoints Be 

- Detect or ignore hardware events such as the assertion of various MicroVAX bus control signals 
: Define or undefine symbols - 

= Set or show current operational modes such as radix, word width, and hexadecimal data format 
- Maintain four command line buffers and allow repetitive execution of any buffer 

: Define up to 22 cursor control keys 

: Fill a memory range with any byte value | 

« Evaluate expressions in binary, decimal, octal, or hexadecimal 

- Perform ADVICE hardware diagnostic tests 

- Use command abbreviations 


= Receive help in using ADVICE commands 
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Modes of Operation 


The ADVICE operates in transparent and nontransparent mode. The selection of the mode 
depends on application to be developed. 

In transparent mode, it acts as a full-speed (40 MHz) incircuit MicroVAX processor emulator and 
appears to be a MicroVAX 78032 chip to the target application. It provides complete control over _ 
the CPU operation by allowing the user to start, stop, and single-step through program operation. 
The ADVICE does not interfere. with the operation of the target application. This allows the 
debugging of user hardware and software that overlaps the ADVICE hardware and software. 
Debugging a boot PROM for the target spolication would eypcelly be performed in transparent 
mode. 


In nontransparent mode, the internal circuits of ADVICE are accessible to the user. This allows the 
use of ADVICE hardware and software: as.an extension of the target hardware and software. 
Nontransparent mode allows access to serial-line interface routines in the ADVICE monitor. 


Physical Address Space 7 

The physical address space available one: on the ede be operation. In transparent mode, the 
entire MicroVAX physical address space from 00000000 to 3FFFFFFF (hexadecimal) is available. In 
nontransparent mode, a 256 Kbyte block of memory (addresses 20040000 through 2007FFFF) is 
used by the ADVICE and is not available to the user. The memory map for the nontransparent 
mode is shown in Figure 3. : 
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NOTE: 


00000000 


2003 FFFF 
20040000 


2004 F FFF 


20050000 | 


2005 7 FFF 


20058000 | 


‘2O005FFFF 


20060000 | 


20061F FF 


20062000 | 


20063FFF 


20064000 
20064004. 
20064010 
20064020 
20064024 


20064028. 


2006402C 
20064030 
20064034 
20064038 


2006403C 
20064040 


20064070 | 


20064071 
2007 FFFF 


20080000 | 


SFFFFFFF 
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MicroVAX Incircuit Emulator 
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ALL ADDRESSES ARE AVAILABLE TO USER IN TRANSPARENT MODE. 


Figure 3* ADVICE Nontransparent Mode Memory Map 











Pechiminary _ MicroVAX Incircuit Emulato 





Event Detector : : 

The ADVICE contains an event detector that is primarily used during decaaces operations to 
analyze the interaction between the advice and target application. Depending on the states of its 
inputs, the event detector provides a pulse output that can be used as a trigger to external circuits. 
The event detector monitors the following signals: 


= The logical levels of MicroVAX bus control e ; 
and CS<2:0> a 


« The output of an ie compaiwior that indicates whether a MicroVAX bus address is eat 
than, less than, or equal to a stored value 


s including EPS, AS, WE, DMR, EROS 0>, 





- « The logical level of a BNC connector input | ; | 


The ADVICE can be programmed to ignore events or sr halt program execution han an event occurs. 
In either case, a trigger output from ADVICE indicates the o occurrence of an event: 


Memory Simulation 

The ADVICE contains 32-Kbytes or 64-Kbytes of memory simulation RAM (MSR) that can be 
mapped anywhere in the target address space. The aes of MSR ensures thee users that valid 
memory is available during the application deve lopment. 7 


Serial-line Ports 

One EIA RS-232 serial-line port is used to connect the host processor to the ADVICE and includes 
modem control. The remaining EIA RS-232 serial-line port connects to the console terminal. These 
ports are used in nontransparent mode and an internal subroutine is included to access these ports. 


Self-diagnostics 

Several diagnostic tests are performed in the ADVICE during the powerup sequence or when the 
Reset pushbutton on the ADVICE module is pressed. These programs verify the integrity of the 
information in PROM and RAM (including MSR) and the operation of serial-line ports, event 
detection logic, and MicroVAX CPU and FPU. The user can select a limited diagnostic routine to 
preserve RAM contents or a comprehensive diagnostic routine that tests RAM without regard for 
its original contents. 


- User-supplied Equipment 


The standard and optional equipment and software required for use with the ADVICE is listed as 
follows. The optional listing depends on the type of application to be developed. 





« A VAX processor system with an available RS-232 serial-line port 
= VAX/VMS operating system, Version 3.4 or higher 

« DECPROM software, Version 1.0 or higher 

- 5-Volt power supply 

= Local VT100 compatible terminal 


- Appropriate etch layout around target MicroVAX CPU surface mount pads to match ADVICE 
connector (Refer to the ADVICE User’s Guide) 


- RS232-compatible modem for remote host or terminal (optional) 


« External clocks or triggering circuits including cables (optional) 
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Preliminary - MicroVAX Incircuit Emulator 
- Specifications 
The physical and electrical specifications of the ADVICE are as follows: | 


- Temperature: 15°C to 32°C at 200 linear feet/minute air flow 
= Relative humidity: 20% to 80% (noncondensing) 


Module Dimensions 
« Height: 26.0 cm (10.25 inches) 


= Length: 40.6 cm.(16.0 inches) 
¢ Width: 2.5 cm (1.0 inches) 


Power Requirements | 
: Power supply: 5 V +5 % at 6 A (maximum) 4.5 A (typical) 
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- Emulates the VAX processors 





, Consists of the DC328 jinstruction/execution logic (VE chip), "the I DC329 memory management 
logic (M chip), the DC330 Soseine point accelerator ee (F Ech « and five DC327 HOMIRAM 
memory chips’ 


= Provides full esta: process ae 





- Description 


The V-11 chipset is diem es for use on ibe ee CPU wabelide (KA820) Om isa agi secidile 
VAX processor. The V-11 chip set configuration for the Scorpio CPU is shown in the aeuteg 
ee and consists of the YE es M — F = aod five nie ae eee 







- 4 SERIAL LINE CHANNELS _, 


VAX Bi PORT 
_ To 
BIIC 





PORT CONTROLLER 
a PORTS) 


Figure 1+ V-11 Scorpio Microprocessor Block Diagram — 
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[RAN e are codinectied in parallel to provide. a 16K by 40-bit éeintiol store memory. 
The CPU is positioned between the I/E chip and M chip that are controlled by microcode from the 
ROM/RAM chips. The optional F chip contains high-speed logic and provides internal microcode 
for accelerating the operation of floating-point and other mathematical instructions. 


The I/E chip consists of the instruction buffer (I box), execution unit (E box), and memory 
interface logic which performs virtual-to-physical address translation through a fe cats address 
translation buffer (Mini-TB). It also contains the microsequencer and microinstruction prefetcher 
that interfaces to the microcontrol store: The microcontrol store is five ROM/RAM chips that form 
a combinational 16K by 40-bit ROM array and a 1K by 40-bit RAM array. The ROM section 
contains the V-11 microcode that controls the CPU chips, and the RAM section is used for 
implementing microcode patches to the ROM locations. These chips also provide . 32 (total of 160) 
locations each of content addressable memory (CAM) that is used to store and Sala the 
addresses of the patched ROM locations with the incoming microaddress. 

The microcontrol store memory interfaces to the F chip, I/E chip, and M chip through the 40-bit, 
time multiplexed, microinstruction bus (MIB). The I/E chip drives the microaddress to the control 
store during the first half of microcycle, and each ROM/RAM chip drives 8 bits of the 
microinstruction onto the MIB during the second half of the cycle. The MIB lines that are not used 
for the microaddress are used for interchip communication during the address portion of the cycle. 


The M chip contains the tag store for the cache memory and the tag store for a 512-entry virtual to 
physical address translation buffer called the Backup TB (BTB). The BTB supplements a five-entry 
translation buffer (the Mini-TB) that is located in the I/E chip. The cache data and the BTB address 
translation entries are stored in external static RAM chips. The M chip also contains a variety of 
miscellaneous CPU functions such as CPU clock drivers, processor registers, the interval and time- 
of-day timer registers, interrupt hardware, clock generation circuits, and four serial-line units. | 
The main data flow between the processor chips, the cache, and the BTB is through the 32 bit data/ 
address lines (DAL<31:0>) that are also time multiplexed. The DAL line addresses are driven 
during the first half of each cycle, and DAL data is driven during the second half. 


The V-11 chips interface to main memory and I/O devices through three gate arrays that ae 
the port controller. This logic provides three ports, one of which is the CPU port to the V-11 chips. 

The remaining two ports access main memory and I/O devices. Main memory and system I/O are 
on the VAXBI bus and are accessed through the VAXBI bus port and the VAXBI 78732 bus 
interconnect interface chip (BIIC). The third port is used for local I/O transfers to the control panel, 
floppy disk, etc. 


Related Documents 

Additional information on the V-11 chip set is contained in the following specifications. 
= V-11 CPU Functional Specification . 

= DE€327 ROM/RAM Chip Functional Specification 

* DC328 I/E Chip Functional Specification 

= DC329 M Chip Functional Specification 

= DC330F Chip Hardware Specification 

= Scorpio Port Controller Specification 

= KA820 CPU Module Specification 
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: Cubtoii an aaignad VLSI RON chip for the V-11 processor. 
= Contains 16K by 8-bit word ROM, 1K by 8-bit word RAM and 32 by 14-bit word CAM. 





. Description 


The DC327 ROM/RAM, contained in a. ae wadkgess is a VLSI aa designed for the V-11 
processor. It contains 16K 8-bit words of masked programmed ROM (read-only memory), 1K by 8- 
bit words of RAM (random access memory) and 32 14-bit words of CAM (content addressable 
memory). The DC327 chip i is designed to facilitate the replacing eatemine) o of incorrect ROM data 
with RAM data. Figure 1 is a block a scat chip... 


MSELB f* 









A<13:00> > 





", c cit 1 RO Pera oe YS 


él 


ADDRESS/MATCH IN > - 


; CAM 
oe 32 x 14-BIT 
7 - f A ATC t i arm > i # 
| DATA IN 


Figure 1» DC327 ROM/RAM Block Diagram 
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+ Pin and Signal Descriptions 


The input and output signals and power and ground connections for the DC327 44-pin package at are 
summarized in Table 1. The table also contains the physical pin locations that are shown on Figure 


2. The following paragraphs provide more detailed descriptions of the inputs and outputs of the 
M chip. — 7 


Table 1 » DC327 Pin and Signal Summary 
Pin ~—s Signal | Input/output — Description/Function: 


17-14,10-7 -D<7:00> inputs/outputs' Data—Transfers data from the ROM and transfers _ 
| | en data to and from the RAM and CAM. 


3,4,30-33, A<13:00> inputs Address—The ROM, RAM, and CAM address 

36-43 inputs. 

py CE input Chip enable—Clock signal to latch the A < 13:00> 
and MSELB inputs. 

26 MATCH output? Match—Indicates the result of the CAM match 

_ operation during a read cycle. : 

29 | MSELB input M select B—Selects the ROM, RAM, ee CAM 
arrays for data access. 

9. -..+' OE input ~ Output enable—Activates the output buffers dur- 

| _ing a read operation. 

6 TRISTATE _ input Three state—Used only during manufacturing test. 

20 £«.'WE input Write enable—Selects a read or write operation for 
the RAM or CAM. | 

28 ; Vea input Voltage back-bias—Power supply back-bias voltage. 

18 VH input Voltage high—Connects to Vpp through an external 

| 10-kQ 5% resistor. 

27 V input Voltage iowea€ oftiects to Vs. 

21 | Not used. 

35,34,22, Vop input Voltage—Power supply voltage. 

23,13,2 

25,24,11, Ve input Ground—Common ground reference. 

12,1,44 

'Three-state output 

*Open-drain 
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= w 3 sw QO Oo oO | a 
¢2eg?2¢e2e8:s e 8 << g 
oo ; a | J 1 ‘ | bed 1 
oo oe & om 8 
A03 | VBB 
A02 } ve 
AO! | } MATCH 
A0O VSS 
| PIN 1 IDENTIFIER | 
VSS yet Bite VDD 
VDD 5 ge DC827 | a VDD » 
A13 3 PP dG SoS ets 21C] NOTUSED 
| TOP VIEW | 
A12 WE | 
TRISTATE | 





Saee ee LEE ES 


| Figure 2 2 . Dc327 Pin in Asignmens 


Data (D< 7:0> Bigiegtions data lines used to transfer data from the ROM, and to and from 
Address (A < 13:00 > )—The address inputs to reference the ROM, {, RAM, and CAM. These i inputs 
are latched during read and write cycles during t the high-to-low ra ansition of the CE input. — 
Chip Enable (CE CE)—A clock signal. that latches the A< 13:00> and MSELB inputs, and initiates 
the internal access cycle with a high-to-low transition. When. deasserted, the CE signal causes the 
data output buffers to become a high impedance. of is 

Match (MATCH H)—An open-drain output that indicates the result of the CAM match operation 
during a read cycle. The CAM match operation and the MATCH output are active during RAM read 
cycles as well as ROM read cycles. The} MATCH output is disabled only when the ROM/RAM chip is 
in test mode. The state of the MATCH signal is not defined during RAM/CAM write cycles. 

M Select B. (MSELB)—An address i input that selects the ROM or CAM arrays ¢ and the RAM array 
for data access. This signal is latched during read or write cycles. 


Output Enable (OE)—Activates the output buffers during a read operation. c 
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Three State (TRISTATE)—Used only for manufacturing test purposes and not used during normal 
operation. The input connects the power supply voltage (Vpp) through a 10 -kQ +5% external 
resistor. When enabled, the D<7:0> outputs are a high impedance... 


Write Enable (W E)—This i input selects the read and write operations to the RAM or CAM. When 
asserted, the output lines of the buffer become a high impedance independently of the state of OE 
input. 

Voltage High (VH)—This input connects to the power supply voltage (Vo) through a 10-kQ +5% 
resistor. 

Voltage Low (VL)—This input connects the ground reference. 


Voltage (V,,)—Power supply -3 V (nominal) back-bias input voltage. 





Voltage (V,,)—Power supply 5 V (nominal) input voltage. 
Ground (V,,)—Common ground references for the chip. 


Functional Operation — 

The patching of incorrect ROM data with RAM data is performed by the etéllowing operation. The 
14-bit ROM addresses of the incorrect ROM data are written into the CAM. The correct data is 
written into RAM locations that have 10-bit addresses that are identical to the low-order 10-bits of 
the incorrect ROM data. Each time the ROM is accessed, the incoming ROM address is 
automatically compared with the addresses stored in the CAM. If the addresses are the same, the 
MATCH output is asserted to inform the external logic that the ROM data currently being accessed 
is incorrect and that the correct data is in the RAM. The RAM is then accessed in the following 
cycle(s) with the same address. tThe ten low-order address bits must be identical to access the 
correct data. 


‘The DC327 ROM/RAM chip contains an address/MSELB latch; a ROM, RAM, CAM, a “data 
multiplexer, and an output buffer shown in Figure 1. 


Address/MSELB Latch—This latch. holds address inputs A<13: 00> > and the MSELB input. 
When the CE input is deasserted, the address and the MSELB inputs pass through the latch to the 
‘internal logic of the chip. Ahigh-to-low transition of the CE input loads the state of the address and 
“MSELB H information into the latch, and any transitions on those inputs that follow are ignored. 


Read-only Memory (ROM)—The 16K by 8-bit word ROM is accessed by the address information 
‘onthe A< 13:00> lines from the output of the address latch. The ROM is accessed during a high- 
to-low transition of the CE input and the 8 ‘bits of the ROM data are transferred to the data 
mr \iplexer.- . 


Random Access Memory (RAM)—The 1K by 8-bit ont RAM is acectsed by the address 
information on the A<9:0> lines from the output of the address latch: A high-to-low transition 
of the CE input when the WE input is deasserted will access the RAM and transfer 8-bits of the 
RAM data to the data multiplexer. The RAM is written with the data on the D<7:0> lines when 
the latched MSELB signal is asserted, the CE signal makes a high-to-low transition, and the WE 
input is asserted with the proper timing. 


Content Addressable Memory (CAM)—The CAM consists of 32 14-bit registers, 32 14-bit 
~ comparators, logic for detecting an address match, a CAM test address register, and logic for testing 
the CAM. When the CAM operates in the normal mode (not test mode), the latched address 
information on lines A<13:00> is compared with the addresses stored in the 32 14-bit CAM 
registers. If the latched address is the same as an address stored in the CAM registers, the MATCH 
output is asserted. The MATCH output is indeterminate during a RAM or CAM write cycle. In test 
mode, the MATCH output is disabled. The MATCH open drain output is internally disabled at the 
beginning of each cycle and must be pulled up to its inactive state by an external resistor. 
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CAM Write Operations 
The mask programmable | CAM write decoder esiables up to ane ROM/RAM chips to be connected 
ining a unique write access to each CAM register on each of the eight ROM/ 
MJRAM chip can access each of the 32 individual CAM registers. The CAM 
registers are written 5 whet the WE input is asserted, the MSELB input is zero, the CE input is 
asserted, and when the write decoder decodes one of the reserved addresses. shown i in Table 2. 








~~ ‘Table 2 » DC327 CAM Write Decoder Addresses _ 


Address A< 13:00> Internal Structure Accessed 

(hexadecimal)* CAM Register Data 

0000 0 <07:00> D<7:0> 

0001 0 <13:08> — D<5:0> 

0002 mn Ae ATOR re Poe Oe Sere 

0003 1 <13:08> D<5:0> 
(continued through) 

003E | 31<07:00> sz <7:0> 

003F 31 <13:08> sO DY SFT 


*Assume mask i progaminabl bits A<8: 6 > of the CAM write decoder are zeros. 


Data Multiplexer | a | 

The data multiplexer selects the data to > be transferred to the. output buffer and then to the 
D<7:0> lines. Eight bits of ROM data, RAM data, or CAM register match state are selected 
depending on the st state of the internal CAMSEL signal and the latch i MSELB B signal listed i in Table 8. 


| Table 3.= DC: 27 Data Output Selection* roe 


CAMSEL MSELB D<7:0> output 

0 0 ROM 

0 1 RAM 

he 2 kK... CAM matchstate _ 
*X=1or0. — 

Output Buffer —_- 


The output buffer drives the output of the data rhidheipdenek o onto the D<7: 0 > lines. When not 
transferring data, the outputs of the buffer are a high impedance. Table 4 lists the. state. eof the 
outputs depending on the input signal conditions. 
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Table 4» DC327 Output Buffer States* 


TRISTATE «=©60 CE) ——<s—CMWE)—<—<—S—S<‘“S—~SCO ttt 

1 0 1 0 7 Drive output | | 
1 0 1 A high-impedance 
0 X X X high-impedance 
x 1 X X high-impedance 
x X 0 x _ high-impedance 
*X=1or0. 


Summary of Read and Write Operations 
Table 5 lists the inputs required for read and write operations for each of the ROM/RAM chip 
sections. | 


Table 5» DC327 Read and Write Operation Selection* 
WE OE 





CE TRISTATE MSELB A<13:0> Operation 

0 1 1 0 0 3FFB-0000 ROM read 

0 1 1 0 1 3FFB-0000! RAM read 

0 1 1 0 x 3FFF-3FFC = CAM match state read 

0 1 ci ae a 003F-0000? CAM write | 

0 1 0 xX 0 0201-0200 CAM test address reg write 
0 1 0 xX 1 3FFB-0000' RAM write 


'The RAM is accessed by address bits A<09:00>. Bits A< 13:10> are not used. 
Mask programmable bits A<08:06> of the CAM write decoder are zeros. 
*X=1or0. | 


Specifications 


The mechanical, electrical, and environmental specifications for the DC327 are contained in the 
following paragraphs. The test conditions for the parameters in these specifications, unless 
specified otherwise, are as follows: 


« Ambient temperature (T,): 0°C to 70°C | 
Power supply voltage (Vpp): 5.0 V +5% (maximum ripple 200 mV peak-to-peak) 
= Power supply back-bias voltage (V53): -3.0 V +15% (maximum ripple 200 mV peak-to-peak) 
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Mechanical Configuration 
The mechanical dimensions for mounting the DC327 44-pin leadless package are shown in 
Appendix E. | 


- Absolute Maximum Ratings 


Stresses greater than the absolute maximum ratings may cause permanent damage to a device. 
Exposure to the absolute maximum rating conditions for extended periods may adversely affect 


the reliability of the device. 

= Power supply voltages (Vpp): -1.5 V to 7.0 V 

- Power supply substate voltage (V3): -6.0 V to0 V 

- Input/output pin voltage: -1.0 V to 10 V 

- Storage temperature range: -55°C to 125°C 

- Ambient temperature operating range (T,): 0°C to 70°C 


Recommended Operating Conditions 

= Power supply voltage (Vpp): 5.0 V +5% 

* Power supply back-bias voltage (V3): — 3.0 V 
= Ambient temperature (T,): 25°C 


ac and dc Electrical Characteristics 
Refer to the DC327 ROM/RAM Chip Functional Specification for the dc input and output parameters 
and ac timing parameters. _ 
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= Main processor element for the V-11 chipset 
« Used with the M-chip and F-chip to emulate VAX instruction set and memory management 





- Initiates memory references and contains address translation logic 





- Description 


The DC328 Instruction/Execution (I/E) logic is contained in a 132-pin PGA package and is the 
main processing element of the V-11 processor chipset. It prefetches instructions, parses opcodes 
and specifiers, initiates all memory references, and contains the register file and arithmetic logic 
unit (ALU) and most of the address translation hardware. Together with the F chip and M chip, it 


emulates the VAX instruction set and memory aaa The functional block diagram of the 
I/E chip is shown in ua 1. 


iD 7 | F BOX N 


=) 


_ [aweus<30.27,.5:0> 












IPHYS ADDR<5:0> 
ABORT 


MTB MISS 


~ GAM MATCH 
_. CPU FAULT 


MICRO- 
M ERR TRAP SEQUENCER 


MIB<39:00 
MIB 
CSOE INTERFACE 
CS WE 


MAB< 14:00 > 


Figure 1» DC328 I/E Chip Block Diagram 
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Pin ad Sigial Desixiptons 

The input and output signals and power and ground connections to the DC328 W/E chip are sda 
in Figure 2 and summarized in Table 1. The paragraphs that follow provide a more detailed 
description of the signal functions listed in Table 1. 


1413 12°11 10 9 8 7 6 5 4 3 21 
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| Figure 2 « DC328 Pin Assignments 
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Table 1+ DC328 Pin and Signal Summary 














output 


Pin fa Signal Input/output Description/Function 
~ P4,P3,N3,P2,  § DAL<31:00> input/output Data/address lines—Transfer data and 
M3,N2,M2,P1, i address information to and from the I/E chip. 
L3,N1,L2,M1, 
K3,L1,K2,K1, 
J2,H1,J1,G1, 
H2,F1,E2,E1, 
E3,D1,D2,C1, 
C2,B1-B3 | . aan | 7 
C02 input — Data/address lines busy—Indicates that the 
port controller has control of the DAL lines. 
A7 DALSTALL input | Data/address line stall—Indicates that the 
SOLS PD MBS B data source cannot respond to a data request 
- during the same cycle. 
B7 CMISS input © —- Cache miss—Indicates that the backup trans- : 
“Ry lation buffer miss has occurred. 
Ki3 CAM MATCH input Content addressable. memory match—Indi- 
ee ae ke. 7 cates that an improper address has been 
. cB, cede detected by the ROM/RAM logic. | 
Ji2 CPUFAULT output CPU faye dices he a hardware error 
| | eae has been detected. | 
L14 MERR TRAP input Memory error ar ad ee that the M 
| | ep has detected an error condition. 
M14,A9,A10,B10, MIB<39:00> input/output Microinstruction bus—Transfers micro- 
Ali,C10,A12,Bi1, i _ address, microinstructions, and interchip status. 
A13,B12,A14,B13, | oe 
C13,B14,D13,C14, 
E13,D14,F12,E14, 
F13,F14,H14,P8, 
N9,P9,M9,P11, 
P10,P12,N12,M12, 
P13,M13,N13,L12, 
P14,L13,N14,K12 
Ji3 CS OE output Control store output enable—Controls the 
state of the control store output buffers. 
K14 CS WE Control store write enable—Controls the © 


writing of information into the RAM or CAM 
of the control store memory. 





M14 


MIB PAR 


| input/output 


MIB parity—Indicates the odd parity of the 
information on the MIB <39:00> lines. 
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Pin Signal ae Input/ output Description/Function 
P7 ID. output Initial instruction decode—Indicates the start. 
_ | of a macroinstruction to an F chip. . 
P6 FBOX N_. input F chip sign N flap — Indicates that the result 
of an F chip computation is negative. | 
P5 FBOX Z input F chip sign Z flag—Indicates that the result of 
an F chip computation is zero. 
A2,B4,A3,B5, PAL<6:0> output Physical address lines—Transfer part a the 
A4,B6,A5 DAL line address information to the M chip. 
AO ABORT “output Abort—Indicates that the current micro- 
eee ee | instruction should be ignored. 
AG ‘MTB MISS output — Mini translation buffer miss—Indicates that a 
, at mini translation buffer lookup has failed. 
G3 CLK” input Clock—A MOS clock signal from the M chip. 
F3_ CLK BAR input » Complemented MOS clock—A complemen- 
| | ~ tary CLK signal. 
G14 »CLKSYNC input Clock synchtonization—Provides a phase 2 
: reference marker during a cycle. 
N6 TRISTATE input — Tristate—Causes the output buffers to 
. eo become a high impedance. 
Jj14 DCLO input de low—Indicates that the dc power is not 
: " ya a within the required specifications. 
Al View input Voltage back-bias—Power supply voltage for 
: 2 ob the substrate of the chip. (-3.0 Vdc satkisomad 
B9,C3,C6,C9, = Vpp input Voltage—Power supply voltage. 
C11,C12,D3,G2, 
H12,H13,J3,M5, 
M7,M11,N5,N7, 
Nil | 
B8,C4,C5,C8, Vas input Ground—Common ground reference. 
D12,E12,F2,G12, 7 
G13,H3,M4,M6, 
M8,M10,N4,N8, 
N10 | 


Data Address Lines (DAL < 31:00 > —Bidirectional lines used to transmit address and data to and 
from the V-11 chipset, the port controller, and the cache and backup translation buffer (BTB) 
RAMs. The J/E chip transfers address information during the first half of the the microcycle. Data 
is transmitted and received by the DAL lines. The data is valid only during phase P7 when the data 
is received from the cache or BTB RAMs. When the data is received from other sources, it is valid 
during phases P7 and P8. 
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DAL Busy (DAL BUSY)—This input is asserted when the port controller has control of the 
DAL < 31:00 > lines. When asserted, the DAL < 31:00> outputs become a high imped 

C BUSY signal is asserted during cache fill cycles after the port controller has adeaneel the 
command sent to it by the M chip. It is held by the port controller until the last longword of the 
cache fill has been received. The port controller also asserts the DAL BUSY signal during 1/O 
invalidate cycles to hold the DAL lines while the controller transfers the invalid address to the 
M chip. 

DAL Stall (DAL STALL)—This input is asserted when a.data source cannot respond to.a data 
transfer request during the same cycle. The source: that requested: the data is stalled until the 
responder can respond. The DAL STALL signal must be deasserted by: the end of phase P4 if it is to 
remain deasserted for the rest of the cycle. 


Cache Miss (CMISS)—This signal is asserted by the M digs ov memory request write 
transactions, memory request read transactions that have cache misses, IB-fill transactions that 
have cache misses, load PTE operations, and Mini-TB miss cycles that result in a miss in the BTB. 
This input is used by the I/E chip only to indicate that a backup TB miss has occurred. 


Content Addressable Memory Match (CAM MAICH)—Used to detect patched ROM locations 

during a ROM<access. Thi: ‘signal i is asserted:when the CAM in:the DC327 control store detects an 

address with a patched microinstruction. The execution of ‘the faulty 

suppressed by the ABORT signal. 

CPU Fault (CPU FAULT)- rror-has occurred and is used for 

driving an LED in the field. Refer to Microsequencer section: for detailed information. 

M Error Trap (M ERR TRAP)—This line is asserted by the M chip to inform the I/E chip of an 

error. The assertion of this signal causes the I/E chip to abort the microtrap operation. It is asserted 

when a parity error occurs on the data read penption from one of the tag eer Sees a memory 

request (MEM REQ), IB-fill, or Mini-TB miss: ‘ted when the port controller 
asserts a port control error ci to a detail error tha at me oc nde red d during a } memory read or write 

pieaniots | awa 

Microinstruction Bus (MIB <38:00> >} This is ae primary cob bus. Invern status bits ena 

microaddresses are transferred on this bus in phases P3.and P4 during the addres 

The DC327 control store dikes net microinstructions 0 on nae MIB: < cabs 00: > > lines in| anes P7 and 




















‘microinstruction is 














P8 during the last half of the cycle. — 
Control Store Output Enable (CSOE Byer to cause ie output srbufferso of the conte: store to 
become a high impedance during phases P6 through P8. 





Control Store Write Enable cular aeciad s ioind welleg ofd the AO. wordt to the) RAM or CAM 

in the control store. 

MIB Parity (MIB PAR)—This line rene sais parity an “ 59.bit ae weed ee ae P7 

and P8. It is not used Sore’ sani P3 ea} PA, When: a baat error is idence, the: VE eis 

forces a microtrap. | 

Initial Instruction Decode has areas to site F ae that a new macroinstruction execution is 

beginning and that the opcode on lines MIB < 22:15 > is valid. | . 

F Chip N Bit (FBOX N)—lIndicates that the result of an F he computation is negative edie 

phases P7 and P8. When no F chip is present, a pullup resistor must be connected to this input. The 
F chip also indicates an error by asserting the N bit during phases P3 and P4. 


F Chip Z Bit (FBOX Z)—Indicates that the result of an F chip computation is zero during phases 
P7 and P8. 
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Physical Address Lines (PAL < 6:0 >)—These lines provide the M chip with part of the address 
earlier than the address is available on the DAL<38:00> lines. When the MTB MISS signal is 
asserted, the value on these lines is a virtual address. If the MTB MISS signal is not asserted, the 
address on the DAL < 38:00> lines is a physical address. The mapping of the ee and physical 
address of oF DAL lines to the PAL <6:0> lines is shown in Table 2 | 


Table 2 = DC328 Physical Address Line Virtual and Physical Address Correlation 


Virtual Address DAL Line< 31> <30:17> <16:11> <10:00> 
PAL Line <0> <6:1> 
Physical Address — DAL Line <28:13> <12:06> <05:00> > 


PAL Line — <6:0> 


Abort (ABORT)—This signal indicates that the current microinstruction should be ignored. This 
inhibits execution of the current microinstruction and forces the loading of the next microinstruc- 
tion. 

Mini-IB Miss (MTB MISS)—This output is asserted during memory requests and IB- él operations 
shih a Mini-TB lookup fails. It indicates that a Backup TB read cycle should be performed, a PTE 
should be passed from the BTB to the i chip, and the microinstruction or I box request oad be 
initiated again. 

Clock (CLK)—This signal is driven by the M chip Per is used by the I/E chip, M chip, F chip, and 
port controller chips. The CLK input makes a transition from a 0 to 1 at the beginning of every odd 
phase. The CLK frequency is one half the frequency of the TTL CLK IN input to the M chip that is 
used to generate the CLK and CLK BAR signals. The nominal value for TTL CLK IN input is 40 
MHz resuting in a 20-MHz CLK input. 7 i 

Clock Bar (CLK BAR)—This signal is used by the I/E chip, M chip, F chip, and port controller 
chips. The CLK BAR signal makes a transition from a 0 to 1 at the beginning of every even phase. 
The frequency of this signal is one-half the frequency of the TTL CLK IN signal. The nominal value 
for TTL CLK IN is 40 MHz, thus producing a 20-MHz CLK BAR input. 

Clock Synchronize (CLK SYNC)—This signal is from the M chip and is used to selisleaaine the 
chip set and port controller by supplying the reference marker for phase 2 in the cycle. . 
dc Low (DCLO)—This signal is driven by the module to indicate that the dc power is not within 
specifications or is being restored. 

Three State (TRISTATE)—This signal forces all of ie Satput bidiees to their hiseineetines 
state. This feature is used only during eee characterization, debugging operations, and for 
module test purposes. | 

Back-bias Voltage (V,,)—A —3.0 V bei, an external eee aad for aahateate bias. 

Voltage (V,»)—Power supply 5.0 V (nominal) voltage. 


Ground (GND < )—Ground reference. 
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IE Chip Timing 2 
The WE chip sivicloeyle- is divided : into eight time slots P1 higuste P8 how in Figures 3. ‘Two : 
nonoverlapping clocks and a synchronization strobe are required to generate these phases. The 
eight timeslots can be divided into five functional time slots—fetch, decode, drive the arene 
onto the i input buses, ALU operation, and write the results. The IE chip is pipeli 

fetch and write cycles; are. overlapped. The overlap of microinstructions Ul and U2: is s shown. | 










| | | WRITEU1 RESULTS | 


DECODE U1 DRIVE U1 OPERANDS ,» VI ALU OPERATION 4. 











The VE. chip is ievéeheced mitt rie ebir: bene the t time re exed microinstruction bus | 
(MIB < 39:00 >) and the data address lines (DAL < 31:00 >); The address is transferred during the 
first half of the cycle (P3 and P4) and the data is transmitted or received i in the second half of the 
cycle (P7 and P8). Figure 4 shows the MIB and DAL Bn: ee 














Figure 1. ean the functional elements, bus st 7 ur sa d : ignal I lines of the J/E. re Bee to 
| sci ication for detailed, eperation of this shins t A brief keaton of 






Instruction. Prefetcher and Decoder a Box)——The I tele piefetobes ide instruction stream, 
generates microprogram fork addresses, and provides instruction data to the EB box. Te 


instruction programmable logic array (IPLA) is located in the I box. . 


Microsequencer—The microsequencer determines the address of the next microinstruction to sibe 
fetched and executed from the external control store ROM/RAM. Its facilities included an eight- 
entry stack, and two adders for fast next-address generation in conditional branches. It also has 
special hardware used to enhance the power of microdiagnostics and handles microtrap generation. 


Execution Box (E Box)—The E box contains facilities to implement the VAX instruction set. The 
E box contains the general purpose registers (GPRs), temporary registers (TEMPs), and working 
registers. It also includes a shifter, a 32-bit arithmetic logic unit (ALU), a constant generator 
(KMUX), and the shift counter (SC) register. 
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to 5 improve wn Sarena aa at common memory enauetare exceioass 


DAL Interface—The DAL interface connects the I/E chip to the external data dil: It. perfor 
byte rotation, buffering, and determines when the data on the DAL < 31:00 >. lines is valid: 


MIB Interface—The MIB interface connects the I/E chip to the external control store ahreuae the 
MIB. It receives and checks the parity of the microcode words that are read from the external 
control store, controls the sequencing of the ROM/RAM chips, and oversees the use of the MIB for 
passing interchip status signals. It is also used for oe the patch RAM section of the DC327 
ROM/RAM chips. _ 

Internal Bus Structure | | 

Five of the internal I/E chip buses are 32-bit data buses and the remaining two are e used fot control. 

The following is a brief description of the major buses. 

Internal Memory Information (EMIB < 38:00>)—The IMIB< 38:00> lines provide the main 
control and are used to transfer the microinstruction to all other logic functions in the chip. 
Because the I/E chip cannot stall the clocks, it must execute a microinstruction every cycle. The 
information on this bus is valid every cycle. The memory interface a inhibits write Spemtions 
that are associated with a stalled microinstruction. ! : | 


Microtest <'3:0 > —The microtest bus is used 1 to transfer ‘the results of a conditional taki test to 
the microsequencer. The microsequencer uses this value and the branch command field to 
determine the next microaddress to be driven to the control store. 


Internal Data/Address (IDAL < 31:00 > )—The IDAL bus connects the DAL< 31:00> lines to the 
internal register file. It is driven by the memory interface during the address portion of the 
microcycle and during the data half of the microcycle if the data is being written by the I/E chip. It 
is driven by the DAL <31:00> lines if the I/E chip is executing aread transaction. _ 


D-stream Bus (DBUS < 31:00 >—This bus connects the E box registers to the IDAL Be and is 
driven when the I/E chip reads D stream data or external registers. The microinstruction specifies 
the E box register to be loaded from this bus. 


AW Bus (AWBUS < 31:00 >—This is the main data bus between the I box, E box, and memory 
interface and is used as one of the input buses to the ALU. It also transfers the result of the 
computation from the ALU. During a normal ALU operation, one of the operands (inputs to ‘the 
ALU) is driven onto the AW bus by an’E box register. After the ALU operation, the results are 
transferred onto this bus and are then'written into an E box register. When data is being written 
from the E box to the DAL lines, the AW bus is used to transfer the data to the memory interface 
that then drives the DAL lines. It is also used to connect i asics leieaped is in the sie salina 
and I box to the E box registers. 


B Bus (B < 31:00 > )—This bus is ‘located 3 in the E Om nnidi is aoe by E box oo to provide 
the siblanetes input to the ALU. : 
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Preliminary DC328 
Specifications 


The mechanical, electrical, and environmental specifications for the DC328 are contained in the 
following paragraphs. The test conditions for these specifications, unless specified otherwise, are 
as follows: | 


= Ambient temperature (T,): 0°C to 70°C 
« Supply voltage (Vpp): 5.0 V +5% (maximum ripple 200 mV peak-to-peak) 
* Back-bias voltage (Vgs): -3.0 V + 15% (maximum ripple 200 mV peak-to-peak) 


Mechanical Configuration | 
Themechanical dimensions for mounting the DC328 132-pin PGA package are shownin Appendix E. 


Absolute Maximum Ratings 


Stresses greater than the absolute maximum ratings may cause permanent damage to a device. 
Exposure to the absolute maximum rating conditions for extended periods may adversely affect 


the reliability of the device. 

« Supply voltage (Vpp): -0.5 V to 7.0 V 

« Pin voltages: -1.0 V to 10 V 

= Power dissipation (T,=0°C): 7.5 W 

: Power dissipation (T, = 70°C): 5.0 W 

« Ambient temperature operating range (T,): 0°C to 70°C 
= Storage temperature range: -55°C to 125°C 


Recommended Operating Conditions 
= Supply voltage (V.,): 5.0 V +5% 
- Ambient temperature operating range (T,): 0°C to 70°C 


ac and de Electrical Characteristics 
Refer to the DC328 I/E Chip Functional Specification for the dc input and output parameters and 
ac timing parameters. 
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. Features 





. Contains memory mananenient owe | 
« Provides tag store for cache memory and backup translation buffer 


+ Provides functions for interrupts, communications, and timing 





- Description 





The DC329 V-L1 p processor memory management (M: ship) logic, contained in a 132-pin, pin grid 
array (PGA) package, includes most of the memory management hardware and the tag store for the 
cache memory and for a 512-entry virtual-to-physical address backup translation buffer (TB BTBO). 
The BTB supplements the mini-TB that is located in the I/E chip. The cache data and the BTB 
address translation entries are stored in external static RAM chips. The M chip ‘also contains 
miscellaneous CPU functions such as CPU clock drivers, processor registers, the interval and time- 
of-day timer registers, interrupt hardware, clock-generation circuits, and four sexiatslin units. 

Figure 1 is a block diagram of the DC329 M chip. , Pal 
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_ Figure 1 = DC329 Memory Management Logic Block Diagram 











- Pin and Signal Descriptions | | 
The input and output signals and power and ground connections for the 132-pin package are 


summarized in Table 1. The table also contains the physical pin locations that are shown in Figure 
2. The following paragraphs provide a more detailed description of the i oo and outputs of the 


M chip. 
Table 1 = DC329 Pin and Signal Summary 

Pin Signal Input/output* Description/Function 
K13,K14,G13, DAL<31:00> input/output Data/address lines—Transfers data and 
J14,G12,H14, | | address information to and from the V-11 
F13,G14,F12, 000 | , sisi eae Lo 
F14,E13,E14, | 7 
E12,D14,D13, » 
C14,C13,B13, 
B14,B12,A14 
B11,A13,B10, 
Ai2,C9,A11,B9, 
A10,C8,A9,B8 
D2 DAL BUSY input DAL busy—lIndicates that the DAL < 31:00 > 
| | ae | lines are controlled by the port controller. 
Al DAL STALL input/output DAL stall—Indicates that the data source can- 

“ not respond to the data request in the same 

| | —_ cycle. : | oe 
Bl ' . ABORT  —_—s input” | Abort—Asserted to ignore a last micro- 
| | | instruction. | | Srene 


N12,N13,M12, MIB<38:28> input/output Microinstriction bus—The primary oar 











P14,M13,N14, + bus to transfer commands and status 

L12,M14,L13, ws pie information. — ea 

L14,K12 | oe Me ere 

B4,A4,C5,A5, CAL<10:00> outputs Cache address lines—Provides physical 

B5,A6,C6,A7, | address to cache and virtual address to BTB 

B6,A8,B7 “PTE eee ; 

ji _ BCI AC LO input BCI ac low—lInitiates an ac power: 208 
: interrupt. | 

H2 BI INTR 4 inputs BI interrupts (4-7)—BI bus i eae levels 14 

| BI INTR 5 firoagh 17 

L2 BI INTR 6 : 

iy BIINTR 7 | | 

A2 BIBCS output -  -BIB chip select—Asserted to transfer data to 


or from the BTB PTE RAMs. 
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output: Cache chip select—Asserted to transfer data 
a eas ae “ to or from the cache data RAMs. 
M9 Pa \ 5 eee input/output Clock—A MOS clock signal to the I/E chip, F 

_ chip, and port controllers. 


M10 = ~— CLK BAR| input/output Clock bar—A complement MOS CLK signal 
| Silla he ae to the YE chip, F chi Ps and | port controllers. . 
N10 ~ CLKSYNC ~ «input/output Clock synchtpnization—— Provides Phase 2 ref. 
Oat erence for synchronization. 








B2 ~~ input/output Cache iiss — Neadeted! Siting cache misses, 
Pie load PTE pecan and aciaed that miss in 


_ the MTB. 


J2 _ CNSLINTR input > Console pa er Se to ee an 
va ibflniee?. rps FOS unmaskable i interrupt. 7 





K3 input -—Corrrected read data aay ey to 


2 , : request an interrupt on IPL 16. 
M5,N4,M4,N3_ WREN<3:0> inputs __BYB/cachewriteenable—_ 
PI0 3 =©)—)—ds BCIDCLO-—siinput_~© BCI de low—Indicates that the power supply 
pets rakaenes _ voltage will be elon: the * specified minimum 
value. 
D1 _. MERR output | M chip etror—Informs the TE. chip of an 
| i ‘. ‘ he error condition. ; 
P9 -MTBMISS input ~—_. Mini-TB miss—Indicates whether a cache or 
wee Ship in ades, | hi ae = ia alae ade miss 
K2 -- NTINTR—siinput © NI iiiékthapt-—Indicates. that a ant u re g iskatole 
interrupt is posted. SAL 

















“A3 — output = Output enable—Gontrols the output enable 


of the cache and BTB. 


P3-P1,N1 PCMD<4:0> output Port controller command—Provides. com- 


mands to the port controller. — 





C2 PCNTLERR input Port controller error—Indicates an error ha 
dria a 


C1 PCNTLRDY input Port controller ready—Indicates that a com- 
mand can be sent to the port controller. 

P7,N6,P6,M6, PAL<6:0> input Physical address < 6:0 > —Provides a physical 
or virtual address to the M chip. 
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Preliminary DC329 





NO 
P8 
M1 
G3 
F2 
Hi 
Fl 
G2 
E2 
cG. 


E2 


C3,C4,C10,C11, 
H3,H12,J12,M3, 


M7,M8,N8 


C7,C12,D3,D12, 


E3,H13,J12,J13, 
L3,M11,N7,N11 


N2 


Soe 


PME OUT 


TTL CLK IN 


CLK DIS 
TRISTATE 


UARTO RCV 


UARTO XMIT 


UART1 RCV 
~ UART1 XMIT 


_ UART2 RCV 


UART2 XMIT 


“UART3 RCV 


‘UART3 XMIT 


Vop 
Vss 


Vos 


“Input/output* Description/Function. og ; 


output 


input 


input 


input 


input 


output 
input 


input 


‘input 


input 


input 


input 


. input 


input 


input 


Performance monitor enable—Indicates the 
state of the PME bit in the P1LR. 


TTL clock—A TTL 20-MHz clock signal for 
UARTS and timers. 


Clock disable—Disables the clock outputs. 


Three state—Disables all outputs of the M 
chip except for the CLK, CLK BAR, and CLK 
SYNC. 


UARTO receive—Serial-line input from 
UARTO. 


UARTO transmit—Serial-line output to 
UARTO. a 


UART1 receive—Serial-line input from 
UARTI. | 


UART1 transmit—Serial-line output to 
UART1. | 


UART2 receive—Serial-line input from 
UARTZ2. | 


UART2 transmit—Serial-line output to 
UARTZ2. | 


UART3 receive—Serial-line input from 
UART3. 


UART3 transmit—Serial-line output to 
UART3. 


Voltage—Power supply voltage. 
Ground—Common ground reference. 


Back-bias voltage—Power supply back-bias 
voltage. 


*All pins have TTL compatible levels except CLK and CLK BAR. 
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TOP VIEW 


Figure 2 * DC329 Pin Assignments 


Data/address Lines (DAL < 31:00 > )—These lines are used for transmitting addresses and data to 
and from the V-11 chipset, the port controller, and the cache RAMS. The M chip receives address and 
data information and transmits data on this bus. The data is valid only during phase 7 when the data 
is from the cache data RAMs. When the data i is from the M chip, it is valid for phases ] P7 and Pg. 


DAL Busy (DAL BUSY)—This input is asserted when the port controller has. control of the 
DAL <31:0> lines. When asserted, the DAL lines an 1 impeda \L STALL | 

CMISS are released by the M chip. It is asserted during cache fi cycles after the port recitals: hai 
accepted the command sent to it by. the M chip. It is held by the port controller until the last 
longword of the cache fill operation has been received. The port controller also asserts this input 
during I/O invalidate cycles to enable it to drive the invalidate address onto the DAL< 31:0> lines. 


DAL Stall (DAL STALL)—This signal is asserted when a data source cannot respond to a data 
transfer request,in the same cycle. The resource that requested the data is stalled until the source 
can respond. The M chip asserts this signal when the cache or backup translation buffer is busy 
with a previous command and a new command is received which requests the M chip. It is used 
during the first ready cycle of an MREQ read transaction that has a cache miss, and when there is a 
read miss or a cache write and the port controller is not ready. The M chip ; also asserts the DAL 
STALL signal when the I/E chip attempts to read the PTE adder and the M chip is calculating the 
result. It is also used to stall the I/E chip during the first cycle of the two cycle MXPR read 
operations and during the second cycle of the two cycle MXPR write operations if the microcode is 
attempting to initiate another operation that requires the M chip. The M chip does not assert this 
signal when the DAL BUSY input is asserted. The DAL STALL signal must be deasserted by the end 
of phase P4 if it is to remain deasserted for the rest of the cycle. 
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Microinstruction Bus (MIB < 38:28 > )—This is the primary control bus and the M chip receives 
12 of the MIB < 39:00> linesin the system: Lines MIB < 38:32 > are used as input to the M chip 
and lines MIB < 31:28> are bidirectional three-state lines. During the first half of the cycle, the M 
chip transfers status information on lines MIB < 31:28> and during the second half of the cycle it 
receives status information on lines MIB<38:32>. The M chip receives commands on lines 
MIB < 38:32> during the second half of the cycle. The status information received by the M chip 
during the P3 and P4 phases is listed in Table 2. Table 3 lists the status transmitted by the M chip 
during phases P3 and P4. - . 


~ Table 2 » DC329 MIB Line Status Received — 
MIB Line Description 
38-35 Write mask bits as follows: 


Bit 38—Longword bits 31:24 (byte 3) 
Bit 37—Longword bits 23: 16 (byte 2) 
Bit 36—Longword bits 15:8 (byte 1) 

Bit 35—Longword bits 31:14 (byte 0) 


34 ss TB Fill 


33 Using DAL 
32 Request second reference 


The write mask (bits 38:35) indicate to the M chip which longword bytes are to be written into the 
cache and main memory or to the I/O device. The M chip uses these bits to enable the cache write 
enables if the cache hits on a MEM REQ write instruction. Each bit corresponds to the associated 
cache write enable output. These bits are asserted to 1 and are supplied to the port controller‘on the 
PCMD4:0 outputs. These bits must be set whenever the microcycle is not a MREQ write 
instruction and low when asserted on the MIB asserted implies that the byte i is to be written. — 


The IB Fill MIB34 line is asserted low when the M chip is not completing a previous operation and 
initiates a read operation to read the requested VAX instruction located at the address present on 
the DAL lines during the address half of the DAL cycle. 


The Using DAL MIB33 line is asserted high to indicate to the M chip that the current 
micfoinstruction uses the DAL lines. This bit is used in determining when the current microin- 
struction has been completed. — | 


The Request ; 2nd reference MIB32 is asserted low to indicate to the M chip that the tetorence | is 
unaligned and that two MREQ operations are required to transfer all of the data. This applies to 
unaligned read and unaligned write transactions. It is asserted for the first unaligned data reference 
and prevents. the ‘M-chip from updating the microinstruction that would cause it to reexecute the 
memory request (MREQ): The updated address is supplied by the VE chip. | 
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| The lengtle violatiots MIB31 vetped aaoite aie comparison: of the value 
process or system length register with the MVA value. If. the ‘ MVA‘ chasgesin micr 
microcycle that can branch on the new status.is (2+. 4), Vien gee 
The HSER space MIB30 output is equivalent to the aha of MI A331, Te 
The IID interrupt request MIB29 output is the interrupt’ re 

kale It is asserted high ane there is'a span f ing ins 

oa the, current, TEL wheg. ti re i ke | 1 





a : by the interrupt 
sk: sit ir mae reine haa get a value 















: : dition to the intern extern inputs thatean cause interrupts. 
There i is a delay bs between changing 0 one of f these eaters pa pie peels of that. change on the aD 
input. : 

The FPD iiternapd reiquest MIB28 loutpet! is aie interrupt paeiidst se getter , th ntedrgpt 
controller. It is asserted high when there is a pending maskable interrupt input that has a value 
_above the current IPL or whenan pepe mane is asserted. ce iming is wanoaan same as sins 
the IID interrupt request status signal. = v 


The microinstruction formats that are  necopriined on the M MIB B ding phases P P7 aid Fe’ are shown 








| ‘MIB 38 37-36 3834 3332) 31 30° 29 28 
MXPR: ‘Pafaftapot | REGISTER DRESS. _ [Ro] 





MIB 38 37 36 35 34 33 32 31 30 29 28 
—MemReo: = Pt da} af a folot /_ FUNcrion 





ee oe 
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Abort (ABORT)—This input is asserted when the last.instruction on the MIB in ‘ie previous P7 
and P8 phase is to be ignored. Because the ABORT signal is generated by the I/E chip, the M chip 
may not be executing the same microinstruction as the I/E chip and therefore it applies to the 
instruction that the I/E chip is executing. V When this occurs, the M chip ignores the abort. If the M 
chip asserts the MERR signal, the ABORT signal will be asserted by the I/E chip in a subsequent 
cycle, causing a microtrap to occur. This ABORT signal must be deasserted by the end of phase 3 if 
it is to remain deasserted for the rest of the cycle. 

Micro Error (M ERR)—This signal is asserted by the M Sie: to inform the I/E chip of an error 
condition. It causes the I/E chip to abort and microtrap when there is a parity error on data read 
from one of the tag arrays in an MREQ, IB fill, or MTB miss operation and when the port controller 
asserts a port control error due to a data error on an MREQ read or write operation. 


BCI ac Low (BCI ACLO)—This is an interrupt input to the M-chip. When asserted, an interrupt is 


_ requested at IPL 16. This signal is sampled each cycle and is not latched by the M chip. » 


Port Controller Error (PCNTL ERR)—This input informs the M chip that an error has — in 
the port controller as a result of a data transfer operation. — 7 


Port Controller Ready (PCNTL READY)—This input informs the M chip that the port controller 
is ready to accept a command. When deasserted and the current instruction requires the port 
controller, the M chip will assert the DAL STALL signal until the port controller becomes ready. 

Cache Address Lines (CAL < 10:00 > )—These outputs provide the physical address to the cache 
during cache read and write cycles and the virtual address to the BTB during PTE read and write 
cycles. The cache data array is organized into 2K longwords that require 11 address lines. The BTB 
contains 512 PTEs of one longword each. The CAL< 10:00> outputs reflect the address sent to the 
M chip on the DAL<31:00> lines during the first cycle of cache read operation and MTB miss 
cycles. The source of the CAL<10:00> information is the MVA for the load PTE operation. 


During cache fill operations, the M chip modifies the value of the CAL<1:00> lines by 


incrementing them by modulo four (starting from the value of these bits supplied on the DAL lines) 
each time one of the four longwords are received. The CAL line value is derived from the address 


received on the DAL< 31:00> lines or from the MVA. 


Cache Chip Select (CACHE CS)—This signal is secetted when Eee is to >be comers to or _— 
the cache data RAMs during read and write operations. The direction of transfer is specified by the 
WREN <3:0> lines. The RAMs address is on the CAL< 10:00> lines. 


Write Enable (WREN < 3:0 > )—These lines specify the direction of the data to the cache and BTB 
data and parity RAMs. When active, the data for the associated byte in the cache or BTB RAM 
arrays is written. The chip select lines determine which bank of cache or BIB i is to be written. The 
lines are asserted during the following: 


= An MREQ write operation that has a cache hit. The write mask that is received by the M chip 
during the MIB line status transfer is used to determine which of the 4 bytes in the longword are 
to be written. 


» When the cache is written with data on a cache fill. All 4 bytes are written and the write mask 
contains all ones. . | | 

= During an MREQ read operation of the PTE. When the PTE returns from memory, it is loaded 
into the PTE store and the write mask contains all ones. 


- During an MXPR write eae to the PTE. All 4 Eye! are written and the write mask contains 
all ones. " , 085 
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BTB Chip Select (BTB CS)—This signal is asserted when data is to be transferred to or from the 
BIB PTE RAMs during read and write operations. The direction of transfer is specified by the 
WREN < 3.0 lines. The RAM address is on the CAL< 10:00 > lines. 


Output Enable (OUTPUT EN)—This output is used to enable the cache and BTB data chips. 
When asserted, the selected bank of data RAMs will drive the DAL lines. 
Cache Miss (CMISS)—This signal is an output from the M chip when the DAL BUSY signal is not 
asserted and is an input to the M.chip when th L BUSY signal i is asserted. It is asserted on 
MREQ write and read operations that result in cache misses, IB fills transactions that result in 
cache misses, load PTE operations, and MTB miss cycles tk at result in a miss in the BTB. When 
asserted by the M chip and the MTB miss is not true, this signal indicates to the port controller that 
the command that was sent to it is to be executed. The CMISS signal i is deasserted by the end of 
phase 4 if it is to remain deasserted for the rest of the cycle. During cache read misses and load PTE 
operations, the CMISS signal is asserted by the M chip for each cycle up to and including the first 
cycle in which the port controller is ready. The port controller then asserts the CMISS signal until 
the completion of the fill operation. The M chip also waits for the port controller to become ready 
during write cycles. The CMISS input is used to indicate that the M chip is to perform an I/O 
invalidate cycle. The port controller does this by deasserting this signal a at the same time that the 
DAL STALL and DAL BUSY signals are asserted. 
Port Command (PCMD <4:0>)—These outputs. coud hin donut to. the port ened 
during phases P3 and P4 and the write mask during phases P7 and P8. The command is executed 
only by the port controller if the CMISS is asserted later in that cycle. The write mask is used by 
only by the port controller during write operations. 
Clock (CLK)—The CLK signal is a MOS level input. The M chip d a this patput bask to itself as 
an input and it is used on the module by the YE chip, F chip, and port controller chips. A transition 
of this signal from a 0 to 1 occurs at the beginning of every odd | phase. The frequency of this clock is 
one-half that of the TTL CLK IN signal. It can be used as an input for test purposes by asserting the 
CKL DIS signal and driving the CLK input from an external source. _ 
Clock (REF CLK)—The REF CLK input is the 20-MHz clock reference for the time-of ay timer, 
interval counter registers, and UARTS. : 
Clock Bar (CLOCK BAR)—The CLK BAR signal i is a MOS level i input. The M chip’ Maes this 
output back to itself as an input and it is used on the module by the I/E chip, F chip, and port 
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controller chips. A transition of this signal from a 0 to 1 occurs at the beginning of every even 
phase. The frequency: of this clock is one-half that of the TTL CLK IN signal. It can be used as an 
input for test purposes by sone the "RISTA oy di os CLK BAR i epee from an 


external source. 
Clock Synchronize (CLK SYNC)—This signal is transferred to. the Vil chip set to sage the 
module by suppling the reference for phase 2 in the cycle. It can be used for test purposes by 
asserting the CLK DIS input and by driving | this i input from an external source. 

Clock Disable (CLK CLK DIS)—When this input is asserted, all M chip outputs except for the CLK, 

CLK BAR, and CLK SYNC outputs are enabled. This input contains.an internal pullup resistor for 
the normal operation state. _ | 

Three State (TRISTATE) —When et this j input causes the output. drivers 1 to become a high 


impedance. This input contains an internal pullap resistor to hold. it deasserted during normal 
Operation. | 
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Physical Address Lines (PAL<6:0>)—These inputs provide part of the address that was 
previously referenced on the DAL lines. Table 4 lists the address bit correlation for a virtual address 
(MTB MISS asserted) and for a physical address oe MISS not asserted). 


Table 4» DC329 PAL Line Virtual and Physical Address Correlation 


Virtual Address _ DAL Line | 31 <16:11> 
| | PAL Line 0 <6:1> 
Physical Address DAL Line << 1h6> 


PAL Line <6:0> 


Mini-TB Miss (MTB MISS)—This input is asserted by ‘hg I/E Bchip when there is a mini-TB miss. 
The M chip uses this signal to indicate whether the BTB or the cache is to be accessed during an 
MREQ operation. It is a qualifier on the address received on the DAL and PAL<6:0> lines that 
indicates whether the address is virtual or physical. When asserted, the M chip transfers the virtual 
address onto the CAL< 10:0 > lines and reexecutes the last microinstruction. 


BI Interrupt (BIINTR < 4:0 >)—These are interrupt inputs to the M chip. When a line is asserted, 
an interrupt is requested on IPL 14 through IPL 17. These signals are sampled during each cycle sia 
are not latched by the M chip. 


Console Interrupt (CNSL INTR)— When asserted, an unmaskable interrupt is posted. This signal 
is sampled each cycle and it is not latched by the M chip. 


CRD Interrupt (CRD INTR)—When asserted, an interrupt is requested at IPL 16. This signal is 
sampled each cycle and it is not latched by the M chip. 


NI Interrupt (NIINTR)— When asserted, an unmaskable interrupt is posted. This input is sampled 
each cycle and is not latched by the M chip. 


ac Low (BCI ACLO)—This input is asserted when the ac waltage | is below the specified limit and 
initiates an interrupt request on IPL 16. This input is sampled each cycle. 


dc Low (BCI DCLO)—This input signal is asserted by the power supply when its output voltaie: is 
about to be lower than the specified minimum value. When asserted, all outputs of the M chip 
become a high impedance except for the CLK, CLK’ BAR, CLK SYNC, and OUTPUT EN outputs. 
The CLK and CLK BAR outputs are normal. The CLK SYNC signal and OUTPUT EN signals are 
deasserted. When the BCI DCLO signal is deasserted and the CLK and CLK BAR signals are 
asserted, the first assertion of the CLK SYNC signal i is within four or six TTL CLK IN cycles. After 
this signal is deasserted, the M chip will remain in a reset state and the outputs will be a high 
impedance for the first three cycles of the CLK SYNC output. When the CLK SYNC signal has 
pulsed a minimum of four times, the M chip will respond to microinstructions on the MIB, and - 
high-impedance outputs will be enabled. 

Voltage (V3) —This input is used to supply the back-bias voltage to the module. _ 

Performance Monitor Enable Output (PME OUT)—This output has the same value as the PME bit 
in the P1 length register (P1LR). Refer to the Register section for a description of the P1LR. If the 
state of PME bit changes, the PME OUT signal will be valid during phase P4 of the following two 
cycles. If the PME bit does not change, the PME OUT signal will be stable for peer Pl 
through P8. 
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TTL Clock Input (TTL CLK IN)—The TTL clock input is nominally 40 MHz and is used to 
generate all clock signals to the V-11 chip set. The M chip provides a 20-MHz MOS level clock pulse 
to the other V-11 chips by dividing the input by two as the reference. 


UART Receive and Transmit (UARTO R-UART3 R and UARTO T-UART3 1) These lines — 
the serial line inputs from the four UARTS and setiak _ outputs to the stu UARB. Each input is 
asynchronous to the reference clock. © 


Voltage (V,,)—Power supply voltage 5 V (nominal) 
Ground (V,,)—Signal ground reference. _ 


Functional Description 

The DC329 contains the functions shown in Figure 1 and i is s described as follows 
« Address translation logic ye 

« Backup translation buffer tags (BTB) 

= Cache tag array 

= Clock generator 

= Control logic 

: Priority interrupt/halt controller 





- RAM temporary registers _ 


- Timer logic 
= Four UARTS 


Address Translation Logic 

The address translation logic (ATL) calculates a page-table entry address when the page-table entry 
necessary to translate a virtual address is not in the mini or. Paghaap translation buffers. The ATL 
contains the following registers: : oe 


= PO base register (POBR) 
= PO length register (POLR) 
- P1 base register (P1BR) 
= P1 length register (P1LR) 
= SO base register (SOBR) 
- SO length register (SOLR). 7 
: PTE translated address (PTE ADR) 
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Backup Translation Buffer : | oe : 
The backup translation buffer (BTB) is a didiece “aioe array with 128 bitvidss sisipellie into eee 
and process spaces as determined by bit 31 of the virtual address. Each entry contains a tag that 
corresponds to a group of four page-table entries (PTEs) and four valid bits, one for each PTE. The 
512 PTEs are not included in the chip and are typically industry-standard RAMs. This array is used 
on MREQ or IB FILL operations when the MTB MISS signal is asserted and on the MREQ read PTE 
operations. It is also used in some MXPR instructions and contains the following registers. 


« Memory address register (MAR) 

: Missed virtual address register (MVA) 

: Invalidate address register (INVAR) 

« Refresh address register (REFR) 

: BTB tag, valid bits, and parity bits register (BTB ENTRY) 
- BTB invalidate register (BTB INV) 

: PTE array register (BTB PTE) 

a BIB ea register (BTB STAT) 

Error status register (ERR STAT) 


Cache Tag Array 
This section contains 128 direct mapped cache tags each of which is mapped to a 64- byte block of 


contiguous physical data. Each tag has four valid bits to indicate the validity of each octaword (16 
bytes) in the allocated block. The registers in this section are 


* Cache tag, valid bits, and parity bits (CACHE ENTRY) 

« Cache status register (CACHE STAT) 

Control Logic 

The control logic is distributed throughout the chip. It receives the control inputs and generates 
the internal and external control and contains the following registers. 

« Indirect MXPR register (INDIR) 

= Indirect address value register (INDIR ADDR) 

o No-Op diagnostic register (NO DRIVE) 


Clock Generator 

The clock generator divides the 40-MHz TTL CLK IN input by two and generates the clock sources 
(CLK, CLK BAR, and CLK SYNC). It also receives the CLK, CLK BAR , and CLK SYNC inputs so 
that it can generate the M chip internal phases. 
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RAM Temporary Registers 





Priority Interrupt Controller 
The interrupt section of the M chip receives the internal and external interrupt requests and 
reports an active interrupt if there is an interrupt whose priority is higher than that of the 
processor’s current priority. The software HALT request in the ISTATUS register is reported with 
the interrupt requests during the MIB status transaction. It also contains s hardware logic to support 

REI instruction. The registers contained in this section are . 


- Interrupt priority level (IPL) 





“ Interrupt status register (ISTATU S) 
- Asynchronous system trap level GSTEy) : 
«= Processor status longword (PSL) — 


= Processor status longword temporary register (PSL TEMP) - 
= Software i ner Ue status register a oe 


The RAM temporary registers are MTEMPO through MTEMPET eae 
Timer Logic | 
The timer logic consists of the interval counter (IVC) and time-of kta o reaistet, (TODR). The IVC is 
used to provide a source of interrupts at a repeatable rate that. can k be pro rf ned by software in 1 
us steps. The TODR supplies the real-time clock function, refl cting the relative t 

initialization. The TODR also is used to provide @ petiodis source of nainsakable ins im .emecnam 
1.28 seconds. This logic contains the following registers: | aes: 











« Interval counter control and status register (ICCS) iene 





« Next interval counter value register (NICR) 
 Time-of-day register (TODR) 
« Time-of-day prescaler register (TODPRE) 


Universal Asynchronous Receivers and Transmitters 
Each of the four universal asynchronous receivers and transmitters (UARTO through UART3) 
contain a status register and a data register. 


Specifications 

The mechanical, electrical, and environmental specifications for the DC329 are contained in the 
following paragraphs. The test conditions for the parameters specifications, unless specified 
otherwise, are as follows: 


« Ambient temperature (T,): 0°C to 125°C 
« Supply voltage (Vpp): 5.0 V +5% (maximum ripple 200 mV peak-to-peak) 
« Back-bias voltage (Vzs): -3.0 V + 15% (maximum ripple 200 mV peak-to-peak) 
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Mechanical Configuration ee . 
The mechanical dimensions for mounting the DC329 132-pin CERQUAD 5 Beege are Rin | in : 
Appendix E. 


Absolute Maximum Ratings — | oa Bee 
Stresses greater than the absolute maximum ratings may cause permanent eae toa ence 
Exposure to the absolue maximum rating conditions for extended pics: may adversely affect the 


reliability of the device. _ 

= Power supply voltage (V yy, -0.5 V to 7.0 V 
« Back-bias voltage (Vgs):-7 VtoOV 
« All other pin voltages: -1.0 V to 10 V 

« Power dissipation (T, = 0°C): 5.25 W 

= Power dissipation (T, = 70°C): 3.5 W 


» Ambient temperature operating range (T,): 0°C to 70°C | 


« Storage temperature range: -55°C to 125°C 


Recommended Operating Conditions 





« Power supply voltage (Vee): 5.0V +5% 
- Ambient temperature operating range (T,): 0°C to ge 





ac and de Electrical Characteristics _ : 7 Bea y nee 
Refer to the DC329 M Chip Functional Specifi cation for the de input and output parameters and ac 


timing parameters. 
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= Contains a fraction processor and exponent and sign processor 


: Accelerates a subset of the VAX instructions 


: Description | 
The DC330 V-11 processor ryote i oe paar eel 4 in a 132-pin grid array (PGA) : 


package, receives opcodes and normalized floating-point operands from the I/E chip, and executes | 
the instructions faster than I/E chip microcode. It is optimized to accelerate a subset of the vA : 


instruction set. Figure 1 is a block diagram of the DC330 floating-point accelerator. 








TRISTATE _ 
DC LO 





NORM VALUE 







DAL STALL 
ABORT 
FBOX N 
FBOX Z 
WD. 
MTB MISS 









DAL 
INTERFACE 





MIR TEST 
_OPER VALID 
DATA OUT 





MIR TEST<5:0> 


| INTERFACE | 





Figure 1 » DC330 Floating-point Accelerator Block Diagram pO 
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- Pin and Signal Descriptions | 
The input and output signals and power and ground connections of the DC330 are shown in Figure 
2 and are summarized in Table 1. Refer to the paragraphs that follow for a more detailed description 


of the signal functions. 

Pin Signal 
B8,B9-B11, 

C12,C4,C5, 
A6,A8,A3,A5, 
B7,C8-C1l, 
C13,B4,B5,A7, 
A9,Al1,A13, 

B13,C14 

j2 DAL BUSY 
D1 DAL STALL 
N5,P4,M5, MIB<38:15> 
N4,M4,N3, - 

M3,N2,K2, 

J LJ 3,H1,L2 ’ 

L1,K3,K1, 

G3 MTB MISS 
G2 IID 

Fl | ABORT 

El TRISTATE 
G1 DCLO 

F2 F BOX N 
C3 F BOX Z 
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Table 1 » DC330 Pin and Signal Summary 


Input/output Description/Function | 
B3,A4,B6, DAL<31:00> input/output Data/address lines—Transfer data, status, and | 


input 


input 


input 


input 


: input 


input 


input 


input 


~ output 


output 


address information to and from the F chip. 


DAL busy—Indicates that the DAL<31:0> lines 
are controlled by the port controller. 


DAL stall—Indicates that the data source cannot 
respond to the data request in the same cycle. 


Microinstruction bus—Transfers microinstruc- 
tions, synchronization control, and opcodes. 


Mini-TB miss—lIndicates that the mini-TB in the 
I/E chip has missed. 


Input instruction—Indicates that the I/E chip is 


starting a new VAX instruction. 

Abort—When asserted, the last instruction is 
ignored. 

Tristate— Disables all outputs of the F chip. 

dc low—Asserted for 70 ms after the power supply 
voltage is within the specified value to initialize 
the F chip. 

F box N code—lIndicates a negative value or an 
exception to the I/E chip at the completion of a 
floating-point calculation. 

F box Z code—lIndicates a zero value to the I/E chip 
at the completion of a floating-point calculation. 
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Pin Signal Input/output Description/Function 
M6 ~ OPER VALID input Operand valid—Indicates the successful assembly. 
of the operand. 
P5 DATA OUT output Data out—lIndicates that the F chip read result is 
. pending. 3 | 
E14 PH12 — output Phase 12—Internal phase 12 output. 
H12,H13 CLK . input Clock—The MOS clock signal from the I/E chip. 


G12,G13.  CLKBAR input 


yi4 CLKSYNC input 
K14,L13, MIR 9-4 —_ outputs 
L14,M13, 

L12,M12 | | 
C6,D12,D13, Vy» input 
E2,E3,F12- — | 
F14,G14,M8, 

N8,P8 

C7, D2 ,D3 > Ve input 
E12,E13,F3, 

H2,H3J12, 

J13,K12,K13, 

M9,N9,P9 


Clock bar—A complement MOS CLK signal from 
the I/E chip. | 


Clock synchronization—A synchronizing clock 


signal that indicates T, of the 200 ms microcycle. 


Microcode test—Internal test bits MIR 9 through 
MIR 4. , 


Voltage—Power supply voltage. 


» Ground—Common ground reference. 
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PACKAGE 
IDENTIFICATION 


TOP VIEW 


Figure 2 = DC330 Pin Assignments 


Data/address Lines (DAL < 31:00 > )—These are bidirectional, three-state lines that are used for 
receiving operands, transmitting results, and for reading and writing the control/status register of 
the F chip. Addresses are received from the DAL lines for detecting unaligned memory references 
and to properly assemble the data. 

DAL Busy (DAL BUSY)—This synchronization signal is driven by the port controller to indicate 
that it is driving the DAL<31:00> lines. Any microcoded data that was transferred during the 
cycle is ignored and must be sent again. The DAL< 31:00> lines are a high impedance when this 
signal is asserted. 

DAL Stall (DAL STALL)—This synchronization signal is driven by the V-11 chips to stall the 
microinstructions so that operations that require more than one cycle can be completed. It is used 
when the J/E chip reads a result of a calculation that is not completed. 

Abort (ABORT)— When asserted, it indicates that the microword received during the last T150- 
T200 phase is not valid and should not be executed. 

dc Low (DCLO)—This signal is asserted for 70 ms after the 5-Vdc power is within the specified 
limits. It is used for initializing the control sequencers in the F chip. 

F Box Negative (F BOX N)—This condition is transferred to the I/E chip to indicate a negative 
result upon completion of a floating-point calculation. It is also used to indicate exceptions. 

F Box Zero (F BOX Z)—This condition is transferred to the I/E chip to indicate a zero result upon 
completion of a floating-point calculation. 
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Initial Instruction Decode (IID)—This input indicates that the I/E chip is starting anew VAX . 
instruction and that a new opcode may be transferred to the F chip. If a calculation. was in a progress, 
it must be aborted. and the new instruction started. 
Microinstruction Bus (MIB < 38: 15> )—These lines contain a microinstruction from time T150 to 
T200 and provide synchr nization control from time °T50 1 to 7 100. , 
Mini Translation Buffer Miss (MTB MISS)—This i input is used for DAL line synchronization. It 
indicates that the Mini-TB in the I/E chip has missed data, and that a page table entry is being 
transferred from the BTB on the DAL lines. The current microinstruction should be stalled. 
Operation Valid (OPER VALID)—This is an input sequencer test signal that indieutes the 
successful assembly of the operand. Control is granted to the main sequencer au ring the, ast OPER 
VALID signal that isa function of the data type. — | : 
Data Out (DATA OUT)—This is an output sequencer-test signal indicating that the F chip a A is 
ready and the read result is pending. An I/O sequence will take place as a result of this inidication. 
Microinstruction Test (MIR TEST < 5:0 >)—The.microcode,test,outputs contain the values of. the 
internal. microinstruction. register (MIR<9:4>).. They, are buffered. and driven by open- 
devices and external pullup resistors of 1k are eI, The internal microeade changes every 
100 ns at PHI1 and-PHIS. , { snot idionaini 

Cock (CER po*This signal i is vide MOS chal a from 
intesind timing. The CLK input has a period of 50 ns and is hi 
Clock Bar (CLK BAR)—This signal is the complement of the MOS 
and is used to generate the axtenal timing. T 
the CLK signal. » : 
Clock Synchr 
time T175 and falls at T25. 



























Ss CLK du fucks the M eka 
1 LE BAR re is: the samnicaneag se se e of 












ize (CLK SYNC)—This signal i dic licaest time eT, of the? 200 1 ns smile Ie rises at 








Phase 12 (PHI2)—This is the internal PHI2 signal th th a t 
An co 1k disease resistor is hae | 


: is s inverted and buffered bya an Hepeng source. 





Voltage (Vox) —The p power supply voltage t to the 1 ee we t input pins. _ 
Grovind d (Vas) —The ps power supply return and signal rt mn to the B B groundin input pins, 





The F eta etre to accelerate the followi 





owing si hast of the ii : instruction set. t. Refer to the 
VAX System. Reference Manual (SRM) for a samplets sescription, of f the  OpEERtCE, It does not 
execute the PDP-11 compatibility mode instruction set. 


ADDF2, ADDD2, ADDG2, ADDF3, ADDD3, ADDG3, SUBF2, SURGs sUBG2, SUBF3, SUBD3, 
SUBG3, MULF2; MULD2, MULG2, MULF3, MULD3, MULG3, DIVF2, DIVD2, DIVG2, DIVF3, 
DIVD3, DIVG3, POLYF, POLYD,. POLYG, :'CMPF,. ‘CMPD, CMPG, CVTLE, CVTLD, CVTLG, 
MULL2, MULL3, DIVL2, DIVL3, EMUL, andEDIV.. , van! 


It executes in a nonoptimized manner the following alias of ee VAX instuction set. 


ADDF, ADDD, ADDG, SUBF, SUBD, SUBG, MULE, ‘MULD, MULG, DIVF, DIVD, DIVG POLYF, 
POLYD, POLYG, CMPF, CMPD, CMPG, CVTLE, CVTLD, CVTLG, EDIV, and EMUL. 
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al Operation Pte 

The F chip operates in the 200-ns ‘Ge of the synchronous Vi pfocessor system. It receives 
microinstructions from the V-11 control store that can initiate sequences in the F chip controlled by 
the internal control store. The internal operations of the F chip cycle are performed at 100 ns. 
Figure 1 shows the 1 main logic elements described i in the following Pareereph and includes the 
following: | 


- A DAL and MIB interface 7 


= A control store memory 





: A fraction processor 
- An exponent and sign processor 


« Clock logic 


DAL Interface—The DAL interface connects the F chip to the DAL< 31:00 > lines. Together with 
the MIB interface, its control logic determines when data on the DAL is valid. It provides the 
interfaces between the external DAL lines and the internal data paths, and it formats the data 
internally in a standard floating-point form. It also detects unaligned data and latches and rotates 
the data to the proper format. It detects short literals and unpacks them into the standard floating- 
point formats. The DAL Interface also contains the F chip control and status register (CSR) that is 
used by the I/E chip microcode to determine the exceptional conditions that may occur. . 


MIB Interface—This interface connects the F chip control logic to the microinstruction ds (MIB) 
and contains the currently executing external microinstruction, the current opcode and some of the 
DAL line synchronization bits. It contains logic that decodes the current external microinstruction 
and opcode, sending control information to the DAL interface and control store. 


Control Store—The control store is a 160-word by 36-bit ROM that provides the internal 
microinstruction for the F chip. It also contains the simple microsequencer. — 


Fraction Processor—The fraction processor contains the 67-bit data path and control pon Te 
accelerates the execution of the VAX floating-point ADD, SUB, MUL, DIV, and POLY instructions 
on the Float, Double, and grand data types.It also accelerates the MULL and DIVLinstructions. 
The fraction data path contains a register file of two temporary and eight constant registers, a 67- 
bit arithmetic logic unit (ALU), a 67-bit shifter, registers for storing the ALU information, shifter 
data and Q data, and a shift register able to shift up to 3 bits at a time. The operands are assembled 
in the I/O register that forms the interface between the fraction data path and the DAL interface. 
The fraction control logic receives encoded control signals from the control store (internal 
microinstruction) and MIB Interface (external microinstruction). It decodes these gidans and 
drives the data-path control lines. 


Exponent and Sign Processor—The exponent processor is a 13-bit data path with control logis It 
allows calculations to be performed on exponents and signs of operands in parallel with operations 
in the fraction processor. The data path consists of a four location dual-ported RAM with zero 
detection on each output, an ALU, and latches for holding ALU data. A PLA is included to detect 
certain cases of exponent differences and a path for normalization data to get from the fraction 
data path to the esi ALU. Literals can be transferred to the exponent data Path from a 
dedicated ROM. | 
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Clock Logic—The clock logic receives the V-11 high-level, 50 ns cycle time clock signals and the 
TTL-compatible 200 ns cycle time phase signal. It generates clocks that allow the DAL and MIB 
interfaces to synchronize to the 200 ns data transfers, and the internal data paths and control 
machines to cycle at 100 ns. 


- Specifications 


The mechanical, electrical, and environmental specifications for the DC330 are contained in the 
DC330 F Chip Hardware Specification. The test conditions for the parameters in these ee 
tions, unless specified otherwise, are as follows: 


- Ambient temperature (T,): 0°C to 70°C 

« Supply voltage (Vpp): 5.0 V +5% (maximum ripple 200 mV peak-to-peak) 

« Back-bias voltage (Vgg): -3.0 V + 15% (maximum ripple 200 mV peak-to-peak) 
» Ground (V,,): 0 V 


Mechanical Configuration 
The mechanical dimensions for mounting the DC330 132-pin PGA package are shown in Appendix E. 
Absolute Maximum Ratings 


Stresses greater than the absolute maximum ratings may cause permanent damage to a device. 
Exposure to the absolute maximum rating conditions for extended periods may adversely affect 
the reliability of the device. 


= Power supply voltage (Vpp): -5.0 V to 7.0 V 
« Power supply voltage (V;;): -3.0 V to -6.0 V 
= Pin voltages: -1.0 V to 10 V 

= Power dissipation (T, = 100°C) 3.5 W 

= Power dissipation (T,=0°C) 5.25 W 

« Storage temperature range: -55°C to 125°C 


Recommended Operating Conditions 
= Supply voltage (V¢c): 5.0 V +5% 
- Ambient temperature operating range (T,): 0°C to 70°C © 


ac and dc Electrical Characteristics 
Refer to the DC330 F Chip Hardware Specification for the dc input and output parameters and ac 
timing parameters. 
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- Features 





. " Wide-range functionality i in one pak 
= High-performance processor 

= - Memory management and protection : 
- 46 floating-point instructions | 
— Microdiagnostics 
— Clock generation 


8 Comprehensive orthogonal instruction set 


— 140 instructions including floating-point 
instructions 


= Compatibility with PDP. 11 system software 


. High-performance systemoriented | 








— Console octal debugging technique (ODT) architecture; ; 
_ — Direct memory access arbitration read Pip cline architecture 
fe IRA AARC i es SRT A el I 9! internal data path 
: Resident memory management — “3. Supports optional cache memory © ie: 
-4-Mbyte addressing 4 nies “= Supports mu tiprocessor operation 


- _ Ditéct addressing of tasks up to 128 8 Kbytes 
— Three levels of memory protection in 
multiuser and multitask environments 


- Description 


-_ Supports coprocessor interface 


« Powerful vectored multilevel i snterrupe aay 
trap structure with four external interrupts 


The DCJ11 is an advanced 16- bit microprocessor using very ialats indented (VLSI) CMOS 


technology. The DCJ11‘is a complete implementation of the: 





PDP-11 processor architecture and is 


compatible with PDP-11 software and operating systems. The DCJ11 consists of a data chip and 
control chip that are contained i in a 60-pin dual-inline package (DP). A block diagram of the DCJ11 


microprocessor is shown in Figure | 1. 
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Figure 1 « DCJ11 Microprocessor Block Diagram 
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Many system design requirements iad sprions are Tochided | as initeptal parts of the: eine A high- 
performance processor using a four-level prefetch pipeline, resident memory management, 
floating-point arithmetic, console octal debugging technique (ODT), microdiagnostics, and clock 
generation provide efficient system functionality in a single package. The orthogonal instruction 
set allows fast and efficient programming to minimize development time and cost. The DCJ11 
combines leadership system functionality with complete system software, a highly integrated 
design, and low-power consumption to allow new classes of microprocessor applications. A block 
diagram of me eee is shown in Figure 1. 


- Signal and Pin Descriptions 


The input and output signals and the power and ground connections for rh DCJ11 60-pin DIP are 
shown in Figure 2 and defined in Table 1. These signals are briefly described in the table and a more 
detailed description of the signal functions is contained in the following paragraphs. The system 
interface refers to the user’s application of the DCJ11 and must be capable of providing or receiving 
these signals. 





TESTI rz DAL 06 
AlO 1 2 DAL 07 
AlO2 13 DAL 08 
AIO 3 qa DAL.00 
PWAE 5 DAL 09 
FPE 6 | DAL 10 
IRQO V9 ee 
: DAL 14 
IRQ 1 | DAL 15 
IRQ2 DAL 01 
IRO3 DAL 02 
cr DAL 03 
| Vec 
\ec GND 
BS 0 DAL 04 
BS1 DAL 05 
MAP DV 
ABORT BUFCTL 
DAL 21 ALE_ 
DAL 20 STRB- 
DAL 19 SCTL 
DAL 18 XTALO 
DAL 17 XTALI 
DAL 16 CLK 
DMR CLK2 
MISS INIT _ 
PRDC CONT 
NOT USED TEST2 





- TOP VIEW — 


Figure 2» DC]11 Pin Assignments 
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21-26, 
43-44, 


_ | 


4760 


17-18 





DAL <21:00> input/output’ 
~BS<1:0> output" 


ae ae 


Danas ee eee data er 


address bus. 


ink sgeleet— These time-multiplexed signals define 





‘the ‘type of physical address on the data/address bus, 
_and indicate if either a cache memory bypass or a force 
miss occurs. ae 








MAP 


output’ | 


output’... — Address. input/output—TI hb 


| ees of transaction currently ae: executed, ie, 


| Map—This time-mulitiplexed signal indicates if fhe 
_ YO map is enabled or if a DMA grant occurs. . 





1ese signals indicate the ype 
read, 





40 


41 


— 38 


- output! 


output? 


ddres "ia enable—Latches addresses, AIO. codes, 





i ap enable signals, and the BS control signals. 


Buffer ‘A trol-~ladicales the direction’ of data on the 
» DAL bus. The line is active: (low) when the BC) 11.4 not 


_ driving to the DAL bus. 


output phones 


Stretch. “Gpatrol Identities = Stiendes: portion ai 


a stretched cycles. The edges can be used to 9 strobe data. 





39° 
29 


20 


28 


42 
32 
27 


10-13 








IRQ < 3:0> 


HALT 


EVENT 


- output’ 


input/output’ 


input’ 


input’ 
input’ 


input’ 
input’ 
input’ 


input’ 
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obe—General purpose strobe signal. 


“peda strobe—Indicates when the prefetch buffer 


is being decoded as the next macroinstruction._ 


Abort—lIndicates that an abort condition exists, i.e., a 
memory management or address error, bus timeout, 
nonexistent memory, or parity error. 


Miss—Reports the hit or miss status of the current 
cache memory entry lookup. 


Data valid—Set to latch data into the DCJ 11. 
Continue—Used to terminate all extended cycles. 


Direct memory access request—Used to force a current 
cycle to be extended. 


Interrupt Request <3:0>—Four maskable interrupt 
request lines. 


Halt—A low-priority nonmaskable interrupt that 
forces the system into console mode. 


Event—A maskable interrupt that forces a trap 
through vector location 100. 
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oo <a —— InpayOuipat SiR cen ae 











6 PWRF input! eet Bowe aah A hiph-pricrity nénmaskablei interrupt that 
| | forces a trap through vector location 24.- ! 
7 FPE input! Floating-point enable—Reserved for a fannie” FPA 


coprocessor implementation. A high-priority non- 
maskable interupt that forces a trap through vector 





| : | ; location 244. 

14 PARITY input! | Used to report parity errors. 

35 CLK output? -Clock—An output for give and Geers use 
aa ee ae only. 

34 CLK2> . a output® Clock 2—An output with identical epauleny as CLK. 


~~ Can be used as system clock. 





33 INIT input! | 7 Initialize—Initializes or resets the system by poreing | it 
| | through the powerup procedure. 7 





oo XTALI input | - ~ Capstal i input—External crystal input 


37 =XTALO output Crystal output—External crystal output 

16,46 Vee °° input | Voltage— Power supply voltage 

15,45. GND input === ~~ Ground—Ground reference. 

1 : TESTI? 7 input | | Disables all outputs. es 

31. TEST2? input _ Disables the clock outputs. Permits external logic to 
me Se amt on | drive the DCJ11 clock circuitry through CLK output. 
‘TTL levels” a. BM * 
2MOS levels 
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thee > 


DAL <00> 
stp . | DATA/ADDRESS 





DATA CONTROL BOR ann foro ; | 
oe CSE 





_BUS ERROR — ‘ BUFCTL 


_DMACONTROL __ ae . _ DATA CONTROL 





ALE 

STRB 

—- SCTL | 

= PROC 
CLK 


| CLOCK OUTPUT 












bus consists of DAL<21: 16> ‘aad is SEC ear ietatl Sank ‘During the first ha 
transaction, the DCJ11 provides dee a preted address, the acknowledged i intetrupt level o 
general purpose code. The physical address can use all 22 bits of the bus. The eek’ 
interrupt level uses DAL<03:00> and the general purpose code uses DAL<07:00>. wig oe the 
second half of the transaction, the DCJ11 transmits or receives data on’ ‘the't ; sic 
(DAL< 15:00>). The extended bus lines (DAL: <24:16>) are driven with tést information wher 
the BUFCTL signal i is asserted. The data being transmitted ot received bite ds on nthe type LE bus 
tt transaction yeing per: ormtied and i is described under bus openitions. Nha 
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Address Input/Output Lines. - 

Address input/output (AIO < 3: 0 > \—The nies ieoat outer a is are faeehed at the start of 
any bus transaction and are coded to indicate the type of transaction being performed. Table 2 lists 
the bus transactions selected by the AIO lines. 


ible 2. DCJ 11 Bus Transaction Selection 
AIO Line’ | ‘Transaction 





i) Ww 

N 
— | 
oe a) 


Non-1/O operation (NOP)? 
General purpose read 
Interrupt acknowledge (read vector) 
Instruction stream request read 
| Read-modify-write, no bus lock. 
, Read-modify-write, bus lock 


Data stream read 


— 





~ Instruction stream demand read 
- Reserved 
General Purpose word write 
- Bus byte write” 


Bus word write 


Olelielololololrel ae] pe 


Ol el olHlolol He] Hlolole 
ba] ddl ee] | OL el ole | ol Helo 


olololol el ele] el] ee] ea] el 


0 


1X = logic 1 or 0 
2A NOP transaction is an internal operation that does not require a bus transfer. 


A bus transaction uses the DAL bus to access memory, I/O devices, or Bree registers, A 
general purpose transaction is used to access interface devices that are not directly addressable by 
the DAL bus. Interrupt ecrnowledgs (LACK) transactions are in Eresporise to the DCJ11 granting an 
interrupt request. | ales 7 | 


Bank Select Lines whe 

Bank select (BS < 1:0> \—The bank select signals (BS1 and BSO) are time- multiplexed. During the 
first half of a bus transaction, they are used to define the type of address that is present on the 
-DAL<21:00> bus. During the second half of the read and write transactions, these lines define 
the cache memory status. A cache memory bypass condition exists if the BS1 signal is asserted 
high, and a force cache miss exists if the BSO signal is asserted high. Table 3 lists the address space 
selected by the bank select signals. 
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Table 3 - DCJ11 Bank Select Line Assignments 








BS Line | Address ress 





0 0 —_ Memory 





0 1 - System register 
1 io __External YOU 





page (17760000.17777777) dor ds not access a ‘DCH register’ are asttcetial 1/0 ‘aadlesies, 
Addresses in the I/O page that access internal registers, except for CCR, are internal register 
addresses. Addresses in the range of 17777740 to 17777750 are classified as system registers. 





Address Register Classification 


17777 776 Processor status word(PSW) sternal 


17.777 772 ——- Program interrupt requ est (PIRQ) ooo’: “Internal 

17 777 766 CPU error — Tnternal 
17 777 752 oo Hit/Miss register coy or egedq Pr ot ~ SInternah con” 
17 777 740—17 777 750 System registerspace : System 


17 777 746 Cache control System 
17 777 707—17 777 700 CPU general registers ee Internal 
17 777 676—17 777660 —_ User data PAR, Reg. 0-7 a “Internal 
17 777 656—17 777 640 ~——- User Instruction PAR, Reg. 0-7 ae Internal 
17 777 636—17 777620 ~—— User data PDR, ‘Reg. 0-7", —  Tnternal 


17 777 616—17 777 600 User instruction PDR,Reg.0-7 its Internal 

17 777 576 . _ MM Status Register 2(MMR2) Internal | 
17 777 574 ss MM Status Register 1(MMR1)  ——‘<i«i‘éCséCd ternal 
17 777 572 ss MM Status RegisterO(MMRO) Internal — 
17777516 = = = MM Status Register 3(MMR3) _ * Internal” 


17 772 a6 17 772 360 Kernel data PAR, Reg. 0-7 Internal 

17 772 356—17 772 340 Kernel instruction PAR, Reg. 0-7 Internal 

17 772 336—17 772 320 Kernel data PDR, Reg. 0-7 Internal 
17 772 316—17 772300 . Kernel instruction PDR, Reg. 0-7. Internal | 

17 772 276—17 772 260 Supervisor data PAR, Reg. 0-7 Internal 











17 772 256—17 772 240 Supervisor instruction PAR, Reg, 0-7 ‘Internal 
17 772 236—17 772220 — Supervisor instruction PDR, Reg.0-7, =—————SsdIntternal > 


All other addresses in I/O Page 17 760000-17777777. ~~ External /O 
0—17 757 777 physical memory space memory 
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Data Control Lines | : cine! A | | 

Buffer control (BUFCTL)—The BUFCTL BUFCTL “line i is saserted hei nae DAL < 15:00> bus is not being 
driven by the DCJ11 when receiving data ig data during read transactions and during the stretched portion 
of any nonwrite transaction. The BUFCTL signal is negated when the DCJ11 is writing an address 
or data to the DAL< 15:00> bus. 


Address latch enable (ALE)—The ALE fined is ccna at’ the start of a transaction aman is used to — 
latch the address, I/O bank, I/O map and AIO code information. During the second half of the 
transaction, the signal is negated and can be used to latch the cache memory data. . 


Strobe (STRB)—The STRB is negated at the end of every transaction and asserted - the end of the 
second clock period of the next transaction. The STRB signal identifies the end of a transaction and 
can be used for external bus control. 


Stretch control (SCTL)—The SCTL SCTL line j is asserted for the ed portion of a bus transaction. 
During write transactions, the leading or trailing edges of the SCTL signal may be used to latch 
data. During read transactions, the trailing edge of SCTL may be used to latch data. 


Precode strobe (PRDC)—The PRDC line is asserted for the first two clock geaiade a any 
transaction and indicates to the system that the DCJ11 is decoding the next macroinstruction. 


I/O map enable (MAP)—The MAP output is time multiplexed. If it is asserted during the first half 
of a bus transaction, the I/O ) map is enabled and the MMR3 bit 5 is set to 1. During the second half 
of the bus transaction, the MAP signal acknowledges that the DMR plea was recognized and will 
never be asserted during write transactions. , . 


Data valid (DV)—The DV input is received from the system interface when the DCJ11 can. ve 
valid data from the DAL bus. This input is sampled when the BUFCTL signal is asserted ne 
nonwrite stretched transactions. 


Continue (CONT)—The CONT input is received from rad system interface to inform the Do 
that i it is finished using the DAL bus and ends a’ ‘stretched transaction. - 














Bus Error Lines 

Parity error (PARITY)—The PARITY input is used by the syst the system ‘nieilace a to enon parity et errors to 
the DCJ1l. A parity interrupt is generated when PARITY is asserted without ABORT being 
asserted. A parity abort is generated when PARITY is asserted with ABORT being asserted. 
Assertion of the ABORT signal is used to differentiate between a parity interrupt and a atte 
abort. An abort immediately traps without completing the current instruction. 


Memory cycle abort (ABORT)—If ABORT input is asserted during the first clock period, it 
indicates that the memory cycle should not be initiated. During a bus transaction, if an abort 
condition (register, timeout, parity errors, etc. .) is detected by the system interface, the system 
interface asserts the ABORT signal with an open-collector device during the stretched part of the 
transaction. : 








Control Lines 
DMA request (DMR)—The DMR line is civ by the sovicat seats to gain inal over the . 
DAL<15:00> bus. The DMR line status is sampled by the DCJ 11at the rising edge of TO and the 
request is acknowledged by the DCJ11 by asserting the MAP lines. The DMR signal is not 
acknowledged during write transactions. Asserting DM DMR R ensures that the next transaction will be 
sl iat Alt write transactions are stretched. sushi deerataces = 
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Cache miss (MISS)—The MISS MISS input is received from the system interface to indicate the status of 
the current cache memory lookup entry. The DCJ 11 samples the status of the MISS line at the rising 
edge of T3 during a read transaction. If the MISS signal is asserted to indicate the entry was not 
located in cache memory, the current read transaction will be stretched. 


Initialize (INIT)—The INIT input is driven nee the system: interface to initialize the DCJ11 by 
forcing it to go through a powerup routine. | | 


Interrupt Lines 

Interrupt request (IRQ < 3:0 >)—IRQ <3: o> > are foie maabstesi interrupt request lines that allow 
the system interface to interrupt DCJ11 operations. The four i ipputs ‘eat four interrupt levels 
and are synchronized and latched by the DCJ11.” oes 

The interrupt is acknowledged only if the current PSW bits 07:05 are set to a lower level than 
requested by the system interface. Table 5 lists the interrupt level assignments. 








IRQ3 7 
IRO2.° 6 
IRQ1 5 
IRQ 0 4 


Powerfail (FWRF)—The PWRE ‘aut is a sopmeaables Micha Ce thes Jada ee The 
DCJ 11 traps to vector address 24 for the powerfail routine. 


Floating-point exception (FPE)—The FPE input is a comiekable ds interrupt a ee system 
interface that causes the D DCJ 11 to trap to vector address 244 for the service routine. 


Bus event (EVENT)—The EVENT input is.a bus. interrupt from the abies interface and ae 
DCJ11 traps to vector address 100 for the service routine. 


Halt (HALT)—The HALT input is the lowest nonmaskable i eee rae cay system aes and 
it forces the bey into the console. mode., re eer 
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Clock Lines 
Crystal input (XTALI and XTALO)—The XTAL1 and XTALO inputs provide connections for an 
external crystal as shown i in Figure 4. 


68pF 
— XTALI 








CRYSTAL (__] 


XTALO_ 
68pF 


~ Figure 4= DCJ11 Typical Crystal Connections 


Clock (CLK)—The CLK signal is used for testing purposes and should not be used. — 


Clock 2 (CLK2)—The CLK2 signal is the same as the CLK and can be used by the system interface 
as the system clock. The i ae] of this signal is the same as the crystal frequency. 


Miscellaneous Lines 
Test 1 (TEST1)—The TESTI input is asserted by the system interface and disables all the BG 11 
output signals. The input is pulled up internally. : 


Test 2 (TEST2)—The TEST2 input is asserted by the system interface to disable the CLK and CLK2 
outputs and to allow an external clock to drive the DCJ11. The input is pulled up internally. 


Power Supply (V...)—Vec input provides the DCJ11 with 5-Vdc operating power. 
Ground (GND)—The GND Bae connects the pe) 11 to the system interface oe reference. 


Architecture Suninier 


The DCJ11 implements the PDP-11 processor architecture to achieve processing power equivalent to 
high-performance minicomputers. The primary internal data path is 32 bits to optimize perfor- 
mance of floating-point arithmetic. The combination of a four-level instruction prefetch pipeline 
and an efficient internal architecture enables the DCJ11 to execute many instructions in four clock 
periods. : | ae | 


THe DCJ11 incorporates many system features not sla with iimaeus 16- bit microproces- 
sors. It includes a powerful and flexible set of control signals between the processor and the system 
interface allowing high-performance and high-reliability systems to be built. The processor 
provides support for cache memory, parity memory, multiprocessing, and coprocessing implemen- 
tations. Reliability has been built into the processor. The CMOS technology provides reliability and 
includes error reporting registers and a firmware resident console monitor handler. 


The key features of the DCJ11’s register set memory management and interrupt structure are de- 
scribed in the following paragraphs. More comprehensive descriptions are provided by the PDP-11 
System Handbooks for the PDP-11/44 or /70. Figure 5 is a programming model of the DCJ11 and 
shows the registers and accumulators available to the user for programming and maintenance 


purposes. 
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_ GENERAL PURPOSE REGISTERS : SPECIAL REGISTERS 
| i a § MRO 


CPU ERROR 
CACHE CTRL 








_ Figure 5 « DCJ11 Programming Model. . 


General Purpose Registers 

Two groups of 16-bit general purpose registers are used as accumulators, index reference, 
autoincrement, autodecrement, and stack pointers for temporary ‘storage of data. Registers RO 
through R5 are selected when bit 11 of the processor status longword (PSW) is set to zero. Registers 
RO through R5 group is selected when bit 11 is set to one. These independent register batiks can be 
used by sib to minimize context switch delay. | 7 


Stack Pointers 

The DCJ11 operates in n three; processor oo. supervisors, and user. bee processor mode 
has a stack pointer that is designated R6. The stack is used to store the processor status and current 
program counter values when. interrupts, traps, or subroutine, calls occur. The current mode 
determined by bits 15:14 of the PSW. The current mode selects the stack pointer to be used for all 
instructions except for MOVPM instructions that use the previous mode, bits 13:12 of the PSW, to 


select the stack pointer. The DCJ11 can access only the selected stack pointer. 


Program Counter 


The program counter (PC) contains the 16-bit address of the next instruction to be executed. It is 
designated R7 and controls the sequencing of instructions. The PC is directly addressable by single- 
and double-operand instructions and is a general purpose register that i is normally not used as an 
accumulator. 





Processor Status Register re sf 7 | | | 
The processor status register (SR) ¢ contains sates processor status. ane (sw) that. contains 
information related to the current and previous processor mode. It includes the priority levels, 
condition codes, register sets, and trap information. The format of the PSR is shown in Figure 6 
and the functions of the register bits are described in Table 6. 
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CURRENT PREVIOUS PRIORITY TRAP BIT ~~ CONDITION 
MODE MODE’ }#£|. - . LEVEL CODES 

- GENERAL PURPOSE SUSPENDED = fs 
REGISTER GROUP = INFORMATION 


Bits* 
15,14 


13:12 


10:08 


07:05 


04 


1.260 





Figure 6 6*DC i 11 Processor Status Register Format 


Table 6 DCjil Processor Status Word Descriptions 
Current mode—Indicates the current operating mode as follows. 
Bit15  Bit14 Mode 


0 0 Kernel 
07 1  —_‘ Supervisor 
1. O egal 


rr. 4 User 


Previous: aide Ledicaics the previous operating maode ae is coded cae same. as bins 
15:14. | 


GP Register—Selects the group of a purpose registers a used. When the bit is 


__ set, the RO’ -RS’ group is selected and when cleared, the RO-R5 group is is srt 


Not used. | . ~ oe eae, | 
Priority level—Indicates ie current priority level of the microprocessor as 3s follows: 


~ Bit07 Bit 06 Bit 05 Priority level 


1 J 7 
0 0 6 
0 1 5 
0 0 4. 
1 1 3 
1 0 2 
0 1 1 
0 0 0 


Trap—The trap bit is inactive when cleared. When set, the processor traps to location 14 


at the end of the current instruction. Ti is used for debugging programs and sian: 
5 shina pu : | 


Confidential and Proprietary 





03:00 Condition i lk, bits contain information related to the result of the last CPL | 
arithmetical or logical operation as follows: 


Bit 03 negative (N)—Set when the previous operation result was negative. 
Bit 02 Zero (Z)—Set when the previous operation resulted as Zero. oo 
Bit 01 Overflow (V)—Set when the previous operation: resulted i inan arithmetic overflow. 


Bit 00 Carry (C)—Set when the previous Rpsratin caused a carry out ‘of its most 
significant bit. 








* All bits can be read or written except where indicated. 


CPU Error Register “Baca tapi, or | i 
‘The CPU error register is a read-only register used by the DCJ U1 to report, CPU errors rs detected by 
the system software. Six separate error conditions cause the microprocessor to trap. through 
location 4. The format of CPU error register is shown in Figure 7 and the functions of the bits’ are 


described in Table 7. 





ILLEGAL HALT — 

ADDRESS ERROR : 
NON-EXISTENT MEMORY ———— 
I/O BUS TIMEOUT 

YELLOW STACK VIOLATION 

RED STACK VIOLATION | 
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| Table 7-DCj11 CPU Error Register Descriptions | | % 





15:08 
07 Illegal Halt—Set when the execution of a HAIT instructin is attempted in user or 
supervisor mode. __ a : | 
06 Address Error—Set when a word access to an odd byte address or an instruction fetch 
| from an internal register is attempted. | Co eee 
05 Nonexistent Memory—Set when a reference to main memory times out. 
04 I/O Bus Timeout—Set when a reference to the I/O page times out. | 
03 Yellow Stack Violation—Set on a yellow zone stack overflow trap. (Kernel mode stack 
reference less than 400 octal.) 
02 Red Stack Violation— Set on a red stack trap—a kernel stack push abort violation during 
| an interrupt, abort, or trap sequence. | 
01:00 Notused — 
* All bits are read-only. 
Program Interrupt Request Register 


The program interrupt request (PIRQ) register provides seven levels of software interrupts. An 
interrupt request is queued by setting one of the bits 15:09 that correspond to interrupt priority 
levels 7 through 1. Bits 07:05 and 03:01 are set to the encoded value of the highest pending request. 
When an interrupt is acknowledged, the DCJ11 program transfers to address 240 for a service 
routine. The service routine must clear the interrupt request. The format of PIRQ register is shown 
in Figure 8 and the functions of the register bits are described in Table 8. 





15 
PIR 7| 


11 


10 09 08 07 06 05 04 03 02 01 00 


14 13 


12 
PIR 6 Pins PIR 4, 





REQUEST LEVELS a 
PRIORITY ENCODED VALUE OF BITS 9-15 


1-262 


Figure 8 = DC]11 Program Interrupt Request Register Format 
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| Table 8 = * DC} Program Interrupt Request Register Descriptions 
Bits* Function 
15:09 Request levels—Indicates the i interrupt level requested as follows: 
_ bit 15 (Level 7) —Request an interrupt priority oflevel7,.. 
bit 14 (Level 6)—Request an interrupt priority of level 6. — 
bit 13 (Level 5)—Request an interrupt priority of level 5. 
bit 12 (Level 4)—Request an interrupt priority of level 4. 
bit 11 (Level 3)—Request an interrupt priority of level 3... 
‘bit 10 (Level 2)—Request an interrupt priority of level 2.. 
bit 09 (Level 1)—Request an interrupt priority of level 1. 


07:05 Encoded Value— Read-only bits 0 07: 05 P.ceprenent ennodest = of Nhs priority lea 
set in bits 15:09. 


03:01 Encoded Value Read-only bits 03:01 represent the encsded value of the highest priority 
level set in bits 15:09. Same as bits 07:05. 


*All bits can be read or written except where indicated. 





Cache Control anne 

The cache control register (CCR) era the operation ee the sare Phen Thaek thie CCR, 
cache bypass and force miss signals can be controlled by software. The powerup microcode also sets 
the flush cache bit 8 to enable the orderly start of a cached machine. The format of the CCR is 
shown in Figure 9 and the functions of the bits are described in Table 9. 





UNINTERPRETED | 


- (READ AS ZEROES) 


UNINTERPRETED 
(READ/WRITE) 


UNCONDITIONAL 
CACHE BYPASS 


UNINTERPRETED 
(READ AS ZERO)* 


UNINTERPRETED 
(READ/WRITE) 
FORCE CACHE MISS 


UNINTERPRETED 
(READ/WRITE) 


Figure 9 = DCJ]11 Cache Control Register Format 
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> Table 9 « DCJ11 Cache Control Register Descriptions 
Bits* Function | 
15:11 RAZ (read as zero and uninterpreted). 
09 Bypass Cache—Asserts BS1 during the second half of read and write transactions. 
08 Flush Cache—Causes the cache subsystem to flush cache. Serer as a zero. 
07:04 Uninterpreted. ae | = ate | 


03:02 Force miss—When either of these ae are set, » BSO i is asserted during the second half of 
read and write transactions. | 


01:00  Uninterpreted. 
*All bits can be read or written except t wher indicated. 





Hit/Miss Register 

The hit/miss register (HMR) records the status of ea miss caput from the system nintert ace The 
HMR is a shift register that records a hit as a one and a miss as a zero for the most recent memory 
reads. A hit indicates that the data is located in the cache memory and a miss indicates that the data 
is located in the main memory. Bit 0 represents the most recent memory read and is shifted to the 
left on successive 7 reads. The format of the HMR is stow in Figure 10. ee 


14 13 12 1 10 





"Figure 10+ De y 1 isl Mis Register Fevmat 


- Floating-point Register Set 
The floating-point registers are used to store eats! -point data and to control and report floating- 


point information. 


Floating-point Acide 
Six 64-bit accumulators (ACO through AC5) are used to store and J manipula 32-bit ne 64. bie 
floating- aa data types. 
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Floating-point Status Register te 
The floating-point status (FPS) register provides mode and interrupt control for the floating-point 
unit and conditions resulting from the execution of the previous instruction. The FPS register 
contains an error flag-and four condition codes—carry, overflow, zero, and negative—that are 
equivalent to the CPU condition — "he Hostnepaime erica dais — the efllowing 
floating-point exceptions. eae a . 





. Detection of the F presence of the undefined variable i in memory | 





. Floating overflow | . 
+ Floating underflow - 





- Failure of floating to integer conversion — 4 





. Attempt to divide by ZeTO 
- Illegal floating opcode © 


For the first four exceptions, the bits in the FPS register are paceilenle to Penile or disable 
interrupts. An interrupt caused by the last two exceptions ¢ can be disabled only by setting a bit that 
disables the interrupts of all seven of the exceptions. The ¢ error flag and’ condition codes are set by 
the FPP as part of the output of a floating-point i instruction. “The mode and i interrupt ‘control bits 
may be set by using the LDFS i instruction. ‘Figure 1 shows the format of the FPS register, and the 
functions of the register bits are described in Table 10. 


oa __t 


"RESERVED fe et ee RESERVED 





-Fighine 11* DCJ11 Fibs podne suas Register Format 





| “Table 10 -DGjil Flontng point Status Regie Destino 
Bit = Description | 





15°. FER (Floating error)—This biti is set dering a floating. perry instruction when a aiviion 
by zero occurs, an illegal opcode i is specified, or any of the remaining errors are detected 
when the corresponding error interrupt is enabled. This bit is set by the Floating-point 
Processor (FPP) and cleared only an LDFPS instruction. The bit status is valid only if the 
most recent floating-point instruction produced a floating-point exception. This action is 
independent of the FID bit status. 


14 —_—- FID (Floating interrupt disable)—When set, all AIAG bint interrupts are disabled 
_. The FID bit is primarily a maintenance feature and should: normally be clear to assure that 
the storage of -0 by an FPP is always accompanied by an interrupt. This bit is assumed to 
clear for all descriptions that follow that involving overflow, underflow, and occurrence of 
-0, and i integer, conversion errors. 
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Description 





10 


09 


08 


07 


06 


05 


04 
03 


02 
01 


00 — 
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Not used—Reserved. 


FIUV (Floating interrupt on undefined eK a ae interrupt occurs Shen this bit is set 
and a-0 is obtained from memory as an operand of an ADD, SUB, MUL, DIV, CMP, MOD, 

NEG, ABS, TST, or any LOAD instruction. The interrupt occurs before execution except 
for a NEG, ABS, and TST instructions when it occurs after execution. When FIUV is 
reset, -O can be loaded and used in any FPP operation. The interrupt is not activated by 
the presence of —0 in any ac operand of an arithmetic instruction and trap on -0 does not 
occur in mode 0. The FPP will not store a result of -0 without a simultaneous interrupt. 


FIU (Floating interrupt on underflow)—When set, a floating underflow will cause an 
interrupt. The fractional part of the result of the operation causing the interrupt will be 
correct. The biased exponent will be too large by 400 (octal) except for the special case of 
0, which is correct. If the FIU bit is reset and if underflow occurs, no interrupt occurs and 
the result is set to exact 0. 


FIV (Floating interrupt on overflow) — When set, a floating overflow will cause an 
interrupt. The fractional part of the result of the operation causing the overflow will be 
correct. The biased exponent will be smaller by a value of 400 (octal). No interrupt will 
occur if the FIV is reset and overflow occurs. The FPP returns to exact 0. Special cases of 
an overflow condition are defined in the detailed descriptions of the MOD and LDEXP 
instructions. 


FIC (Floating interrupt on integer conversion)—When set and the conversion to an 
integer instruction fails, an interrupt will occur. The destination is set to 0, and all other 
registers are not affected. If this bit is reset, the result of the operation will be the same as 


_ previously described but an interrupt will not occur. The conversion instruction fails if it 


generates an integer that is longer than the short or long i integer’ word specified by the FL 
bit. 


FD (Floating double precision mode)—This bit determines the precision that is used for 
floating-point calculations. When set, double-precision is assumed; when reset, single- 
precision is used. 


FL (Floating long integer mode)— This bit is used in the conversion between integer and 


floating-point format. When set, the integer format assumed is double-precision two’s 


complement (i.e., 32 bits). When reset, the integer format i is assumed to be ae 
precision two’s complement (i.e., 16 bits). 


FT (Floating chop mode)—When set, the result of any arithmetic operation is a 
(or truncated). When cleared, the result is rounded. 


Not used—reserved. — 


FN (Floating negative) —This bit set when the result of the last floating-point operation 
was 0. 


_ FZ (Floating zero) — This bit is set if the result of the last Dance operation was 0. 


FZ (Floating overflow) —This bit is set if the last floating- pole saa resulted in 


an exponent. 


“FC (Floating Sanya bit is set if the last operation resulted in a carry of the most 
significant bit. This can occur only in a floating or double-to-integer conversion. 
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Floating-point Exception Register . 
One interrupt vector is assigned to all eisai dais exceptions. The six x possible errors are coded 
in the 4-bit floating exception code (FEC) register as follows: ~ ¥ 


= 2 Floating-opcode error | 





: 4 Floating-divide by zero 


= 6 Floating- or double-to-integer conversionerror 4) 





- 8 Floating-overflow — 





* 10 Floating-underflow — 
= 12 Floating-undefined variable 


The address of the instruction producing the exception is stored in the Floating Exception Address 
(FEA) register. The FEC and FEA = are dis sical when c one sot the sisi occurs: 


« Divide by zero ic Bintan! oo Ree 











= Any of the other four © ‘exceptions 8s with the corresponc jin interrupt Guabled 





If one of the five exceptions | occurs with the. corresponding interrupt disabled, the FEC and FEA 





are not updated. Inhibition of interrupts. by the Floating Interrupt Disable. (FID) bit does not 
inhibit updating of the FEC and FEA if an exception « occurs. The FEC and FEA are not updated if 
no exception occurs. Therefore, the store status (STST) i instruction will return current information 
only if the most recent floating-point instruction produced an exception. No instructions are 
provided for storage into the FEC and FEA epee — 


Memory Management 


The DCJ11. implements the complete PDP-11 memory management and protection architecture 
with its extensions for extended direct addressing. This architecture provides a fully supported 
protection model for the design of — multiuser or multitasking systems. Address relocation 
and protection logic is integrated into. the pipe that: performance penalty i is not 
incurred by using the memory managers unit t (MMU). 





The MMU provides three separate address. spaces—kernel, ‘supervisor, and t user- r modes—with 
different privileges ahd independent sets of 16-bit mapping and prote ction registers. This 

protects the operating system from less privileged | programs and minimizes system Sieihiead from 
switching. The execution of some ‘of thei instructions is is dif eren ee eniting on the current it program 


mode. . 
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inaroction Kernel Mode 





ae Supervisus/ User Mode 
HALT Executes as specified Traps through 4 — 
WAIT, RESET, SPL Executes as specified Execute as a NOP instruction 
RTI, RTT, Alter PSR priority level © Cannot alter PSR priority — 
MPTS bits 07:05 freely level bits 07:05. et 
Stack references Gacicecta “Ne detain neta 


INSTRUCTION SPACE | DATA SPACE 





INDEPENDENT SET FOR EACH MODE: 
KERNEL SUPERVISOR, USER 


Figure 12 = DCJ11 Memory Management Registers « 





Bits* 


“Table 2 . Doi 1 Page Descriptor Regie Descriptions : 





14:08 


07 
06 
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Bypass pe bie elena a conditional cache bypass mechanism. If he PDR 
accessed during a relocation operation has this bit set, , the time wpltiokeand signa BS1 i is 
_ asserted during the subsequent I/O cycle. | 


PLF (Page length field)—This field specifies the Bock abe co dete he page 
boundary. The block number of the virtual address is compared against the page length 
field to detect length errors. An error occurs when expanding upward if the block number 
is greater than the page length field, and when expanding downward if the block number 
is less than the page length field. 


Not used. 


W (Page written) —This bit indicates whether the page has been written into since it was 
loaded in memory. When this bit is set, it indicates a modified page. This bit is 
automatically cleared when the PAR or PDR of that page is written into. 
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blocks with lower addresses. igs acage CAT “ty 


The neo code s specifies rs oes in which a page may are poe ce tind hidaal « a 
given access should result in an abort of the current CpeESr, The codes are . 
Access Code — Page Access” aa | 
_ Bit 02 Bit 01 


0 0O Nonresident—abort all accesses  _ 
0 1 REAd only—abort on Writes 
ref 0 Not used—abort all accesses 

bruy Jteoge ged on x Read/write access. 


00 Not used. 
* All bits can be read or written except as indicated. 





The-MMU contains four memory sieht Sh aces hae are teed to control and. record the 
status of the memory management functions. The registers and address assignments'are as follows: 


- Memory management register 0 (address 17 777 572) 

- Memory management register 1 (address 17777574) 

- Memory management register 2 (address 17777576) 
- Memory management register 3 (address 17777516) 





Page Address and Page Descriptor Registers _ 

Each operating mode is assigned 16 page-addres 

(PDR) to. control the instruction and data space. These 96 registers. are addressable to the external 
DAL bus. A PAR contains a 16-bit displacement that is added to bits 12:06 of the virtual PC or to 
the address received from the execution section to create part of the:relocated physical address. A 
PDR contains information relative to page data such as expansion, length, and access control. The 


format of the information in the PDR is shown in Figure 13 and the function of the register bits is 
described in Table 12. 











BYPASS ee, PAGE EXPANSION 
CACHE ae WRITTEN DIRECTION 


ACCESS 
CONTROL FIELD 


Figure 13 » DCJ11 Page Descriptor Register Format 
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The DCJ11 can optionally implement instruction and data space (I/D Space) relocation to expand 
the direct addressing range of a DCJ11 program or to facilitate efficient code sharing in a multiuser 
environment. I/D space relocation can be separately enabled for each of the processor modes. 
When I/D space relocation is enabled, the DCJ11 classifies memory references as instruction stream 
or data stream references and independently relocates them through the corresponding PAR and 
PDR. The memory references.are classified by the DCJ 11 as I space references. All other references 
are classified as D space references. If the I/D space relocation is disabled, all memory references 
are relocated via the i instruction space for that mode that includes the following information: 


. Tnseudion fetches 


: Immediate operands (mode 27) 
- Absolute addresses (mode 37) 


« Index words 





« First references in modes 17, 47, and 57 


The classifications of memory references by addressing, modes for the first, second, and third 


memory reference are listed in Table 13. 


Address Mode Register 


0-6 ya 

0) am, 

= a 

2 D 

3 D/D_ 

4 D 

5 DD 
6 ~. WD. ¢ 
7 yD 
1-270 


noo 


Table 13 - DCJ11 ID Space Relocation | 


I/D 


I/D 
l/D 


—YD/D 
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Memory Management Register 0 “ | a, Oe 
The memory management register 0 (MMRO) provides memory management register ‘nsteecol and 
records status. The format of the information in the MMRO is shown i in seipcigial 14 and the banction 
of the information i is aeoered in Table 14. : 












ABORT READ-ONLY 
ACCESS VIOLATION 
ABORT PAGE | - _ 
~. LENGTH ERROR - wee ology ieee be 
LENGT o PAGE MODE j PAGE NUMBER | 
ABORT | 
~ SPACE. "> ENABLE RELOCATION 


Figure 14» DCJ11 Memory Manageriisit Réoister O Format 


Table 14 » DCJ11 Memory Management Register 0 Description 





ages oe ara a an access control- field key 


| eal to 50 or 2. ne is fas set bya attempting to use we Memory relocation | wit a legal 


_ processor mode (PSR 15: 14=2), 


14 


B 


field of the page descriptor register fc for that page. 


Abort page length error—Set by attempting to access a sTocaton in a Page with a block 





number (virtual address bits 12:06) that is outside the area autho 





Abort read-only access violation—Set by. attempting to 3 ae . ae e ina rea 
only pages have access ‘Keys 8 Ca nad ". 





12:7 
06:05 


04 
03:01 


00 


ar space—A coat bit shat radiates th 


Not used. 


Processor mode—A read-only bit that indicates the processor oe i hetaicleopervland 
user/illegal associated with the page causing the abort (kernel=00, supervisor =01, 
user = 11, asc 10). If the at mode is arenes an abort is iBenemates # and bit.15 is 


he addieats space Go or D> TORT with the 
page causing the abort (0=I space, 1=D space). 





Page number—Read-only bits that contain the page number of the page causing the 
abort. 


Enable relocation—When set, all addresses are relocated. When cleared, memory 
management is inoperative and addresses are not relocated. 


* All bits can be read or written except as indicated. 
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Memory Management Register 1 ! 

Memory management register 1 (MMR1) records any autoincrement or pada at a a pea 
purpose register, including explicit references through the PC. The amount that the register was 
incremented or decremented is stored in two’s complement notation. This allows an effective 
recovery from an error resulting in an abort. The lower byte is used for all source operand 
instructions and the destination operand may be stored in either byte depending on the mode and 
instruction type. The register is cleared at the beginning of each instruction fetch. The format of 


the information in MMR1 is shown in Figure 15 and the function of the information is described in 
Table 15. . 





AMOUNT CHANGED REGISTER AMOUNT CHANGED REGISTER 
(2'S COMPLEMENT) NUMBER (2'S COMPLEMENT) . 7 NUMBER 


Figure 15 » DCJ11 Memory Management Register 1 Format 





Table 15° -DCJil peetnory Se eenent nenisiet | 1 Description | 





Bits* — ‘Description 


15:11 Amount changed—Represents the amount of autoincrement or autodecrement i in the 
| two's complement notation for the register defined in bits 10:08. _ 


10:08 Register number—Indentifies one of the eight general purpose registers. | 





07:03 Amount changed—Represents the amount of autoincrement or autodecrement in the 
~~ two’s complement notation for the register defined in bits 02:00. . 


02:00 Register number—Indentifies one of the eight general purpose registers. 
*All bits are read-only. 





Memory Management Register 2 7 
Memory management register 2 (MMR2) is loaded with the program counter information of the 
current instruction and holds this information when an abort condition j is recorded i in MMRO. 
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Memory Management Register 3 , | 
Memory management register 3 (MMR3) enables the data space | for the kernel, supervisor, acl user 
operating modes. It also selects either 18-bit or 22-bit mapping and enables the 1/0 map and the, 
request for the : supervisor macroinstruction (CSM). The register format i is shown i in Figure 16 and 
the function of the information i is described i in Table 16. ie : 


. r 
fay pull © 





ENABLE 22-BIT MAPPING nee oe enee ‘io 
__ ENABLE CSM INSTRUCTION~ 
 KERNEL— | ucbacl 2h score 
‘SUPERVISOR on Ce ei ea hres aeeeds 








Co ? ie t is a 





rt Not used. . - 





—— a mri had 
“18-bit addressing. 


03 Enable CSM (instruction —Thisb bit a me? recognition af the all supervisor 1 oe ode 





00. User—Enables ye on space mapping for the user operating mode. 





-*All bits can.be read or written except as indicated. - 
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- Interrupts 


The DCJ11 provides a set of trap, hardware, and software i interrupt facilities. Four i interrupt request 
lines allow the external hardware to interrupt the processor on four interrupt levels using an 
externally supplied vector. Eight levels of software interrupt requests are supported through use of 
the PIRQ register. Internally vectored traps are provided to flag error conditions. Table 17 identifies 
the DCJ11 asynchronous interrupts. The synchronous interrupts are listed in Table 18. The 
execution of a HALT instruction may cause different operations depending on the halt options 
determined during powerup and on.the mode of operation. | | 


In kernel mode, a halt option of 1 causes an illegal halt abort if the HALT instruction is executed. 
Bit 7 of the CPU: error register is set and a trap is forced through vector 4. If the halt option is 0, 
execution of the HALT instruction places the system into console mode. Execution of the HALT 
instruction in user or supervisor mode causes an illegal halt abort. 


The halt line usually has the lowest priority; however, it has highest priority during vector reads. 
This is to allow the user to break out of potential infinite loops. An infinite loop could occur if a 
vector has not been properly mapped during memory management operation. 


Table 17 = DCJ11 Asynchronous Interrupts 


—.. Vector Priority 
Location 


Interrupt Address Level” 
Red stack trap (CPU error register bit 02) Internal 4 = NM 
Address error (CPU error register bit 06) Internal 4 NM 
Memory management violation (MMRO bits 13: 15) Internal. 250 ; NM 
Timeout/nonexistent memory (CPU error register bits 04,05) Internal 4 | NM 
‘Parity error (PARITY, ABORT) External 114 2 NM 
Trace (T bit) Trap (PSW bit 04) — Internal 14 | NM | 
Yellow stack trap (CPU error Teqisier bit 03) Internal 4 NM 





Powerfail (PWRF) External . 24 — NM 
FP exception (FPE) “External = 244.2~2=2=*S NM 
PIR 7 (PIRQ bit 15) Internal | 240 
IRQ 7 External User- 
defined 
PIR 6 (PIRQ bit 14) Internal 240 
EVENT External 100 
IRQ 6 External User- 6 
defined 
PIR 5 (PIRQ bit 13) Internal 240 5 
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Interrupt SGROTG a : ' Location Address. : Level* 
IRQS — pins a External «= Users 55 








PIR 5 (PIRQbit 12) vg wether ai? sheep. 2 
[RO4 Se Bn Sh Ba ciaaiaer 6 10 er 0 geBadeemals, IU 








PIR2(PIRQbitIO) Item 2402 


es Saige lawman 8 JIC ach oes tet einan Inert a 93 Spec pe lao eal 








*NM = Nonmaskable 





FP instruction exception (FPS bits 11:08,15). 244.0... 
PIRQ 5 ———_——— 
Memory Parity Error 





TRAP (trap instruction) 34 
EMT (emulator trap instruction) = 30 
= ‘ee mao ng ea sia iL a7 





Timeout and réservedinstruction =» 4 i ar 
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The DC] 11 peti the bus transactions during the execution of the program instructions. 
Transaction requires a minimum of four clock periods and a maximum of eight clock periods. A 
transaction may be extended or stretched beyond its normal clock timing in increments of two 
clock periods. A read transaction can be extended by a minimum of four clock periods. This allows 
a transaction to be extended indefinitely. The four address input/output signals (AIO < 3:0>) are 
latched at the DCJ11 output at the beginning of a transaction and indicate the type of transaction 
being performed. The AIO < 3:0> codes for the type of transaction are identified in Table 2. 


The bank select (BS1 and BSO) signals are used with bus and general purpose read or write 
transactions. These signals provide coded information to define the type of physical address that i is 
on the DAL<21:00> lines. The bank select transactions are listed in Table oF - 


Physical addresses that are less than 17760000 (octal) are memory references. Addresses in the 1/0 
page (17760000-17777777) that do not access a DCJ11 register are external I/O references. 
Addresses in the I/O page access internal registers, except for CCR, are internal register references. 
System register references are addresses 17777740 through 17777750. es x 


No Operation Transaction 

During a no operation (NOP) transaction, the DCJ11 performs an internal operation and the bus is 
used for external data as shown in Figure 17. The assertion of ALE latches the AIO code that 
identifies the transaction as non-I/O. The transaction requires four periods to complete provided 
no DMA requests occur. 


If DMR is asserted at the start of the aycl, the NOP transaction is stretched. A stretched 
transaction is shown in Figure 18. The DMA request stretches the transaction to a minimum of 
eight periods. The DMA request is received on DMR and is granted by MAP line. The BUFCTL and 
SCTL signals are asserted during the stretched. portion. The transaction continues to stretch in two- 
period increments until the DCJ11 receives the CONT signal to end the transaction. 





Ti T2 T3 


DAL | ja — os 


w —". | 
iT WwW 
Alo eo OM — 


OMA [V/////,, OMA Wo 
ae ee ea Eee 





REQUEST 


map || oma Grant \\Y 


Figure 17 « DCJ11 Nonstretched Non-I/O Cycle Timing Sequence 
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pat i. fe 


hed Non-I/O Timing Sequence — 


che gestae ier eR aa ees ” 





+. : 
en OE pnts ow emuaniiieetien .° S 


Bus Read Transaction 
A bus read transaction shown in Figure 19 uses the DAL bus to aad information from memory, I/O, 

and other addressable registers. These transactions may be instruction stream read, data stream 
read, or the read portions of read-modify-write. The type of read transaction being performed is 
identified by the AIO code. The pas 11 reeds vps and, if a bye is eye the sige word is 
read and the excess | € is i 














idforretchied portion of te transaction. ‘Tf het BOR 
BS <1:0>, and MAP lines should be ignored and’ 
The read transaction is initiated by the assertion of HIE.” This ins signal latche 
physical address on‘DAL bus, the BS<1:0>,, data; and the: MAP (I/O-r 
DCJi1 latches the data on the rising edge of he T3-duri ig anon : 
completed in four periods when all of the ibllowilis 1 









- BS< 1:0> set to zeros (memory reference) 


= Nocache bypass 





= No cache force miss _ GA METENG 
= No DMA grant 


- No abort during a demand re read 











: No cache n miss repo: “+ d 














If any one of the these conditions exist, the transaction stretches to.a minimum of eight periods as 
shown in Figure 20: The BUFCTL and SCTE lines are asserted during the stretched portion. The 
transaction will continue to stretch in two-period increments until the DCJ11 receives the CONT 
signal to end the transaction. The data is read into the. DCJ 11 when the DV signal is received. If the 
cycle is stretched because DMR was asserted, the DV signal should not be asserted because it 
overwrites the prey ious valid data. : 7 
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— CLK | 
DAL 


ALE 





1/0 MAP ENABLE 


a a 1/0 BANK SELECT CACHE STATUS 





os 1 
Se RAL" Ae 


aie 


ED) OLE) A 
_____— | 
AN UHL/ 





BUFCTL 


Figure 19+ DCJ11 Nonstretched Bus Read Cycle Timing Sequence 
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Sr 
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|S [CACHEHIT | 
| ee 
: Iss {my asorr status | ™ 
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_CONTI o~ 
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Figure 20 * DC]11 Stretched Bus Read Cycle Timing 
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by the AIO oroodle: The DCj11 hasan memory management or adaner errors on athe 3 RBC IRT during 
the first part of the cycle. If the ABORT signal is asseited, the information 0 on a DAL < 21: 00>, 

BS<1:0>, and MAP lines should be ignored. 
The write transaction is initiated by the assertion of the ALE ne. Th 

the physical address on DAL<21:00>, BS<1:0>, and the MAP (1/O MAP en 

Write requires a mimimum of eight pacicils and can he stretched in two period d increments sunt th 
DCJ11 receives the CONT signal to end the transaction. The SCT ignal is { 











aides | is even and the Ree daa on ‘the lg bre ci the ‘ é dress is Gal 
remaining byte i is not >t defined. ‘ 


CLK 






DAL 





+ =) ge aoe 


we SisToM agents 


a ae eae a a fhe sh 
, * iy A { : ee 
ia ; AX’ foe : MU us : sft song 
2 foe Se ee ee MU Z s ae ee Ba Hg 
% 1 qi | 
# iy 4 ame ig Mk eae : 
j 





CONTINUE 





one - DCJ11 Bus Write,Cycle TimingSequence .- 





cia 


General Purpose Write Transactions : 
"he general purpose write transaction is weed address non- PDP- 1 interface dren ‘oug 

the general purpose codes on DAL < 07:00 >: Either byte or word writes can be initiated as defined 
by the AIO code. The: address « on the DAL bus is 17600XXX. The XXX bits represent | the general 
ae age write code. .” ie sle 19 lists the write code assignments for the general purpose read 
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Write Code anaer! ti OED PL ei iad? adeiysd aldsmeanbhs wlio Gar OO 
003... "Writes FPA 16-bitdata. | 








014 Asserts bus reset signal 





034 ~~ Releases system from console ODT mode — 


040. | i. : eas Reserved for future use m 7 





100 3:ruub sci bosiledges EVENT’? oct set ott bee cy feet, TLE gdb 








140... Acknowledgespowerfal =. |... .. 
220 Microdiagnostic test 1 passed eat | 

224 Microdiagnostic test 2 passed 

230; Microdiagnostic test 3 passed 


234 “ a Places system. into ‘console ODT mode | Mi 7 a 








The pee purpose write transaction shown in Figure 22 i is 5 inflated by the assertion of the ALE 
line. This signal latches the AIO code and the general: purpose code on the DAL ‘bus. The 
transaction requires a minimum of eight periods and is stretched i in 1 in two-period i increments until the 
DOU receives the CONT silt to end the transaction. ‘The SCTL Banal § is asserted using the 


2s 


‘k va ty 2 ‘ 
bated lis keene: yas Seapine AS 7 


CLK 
i= cout BeBe ra ey PUR fe 


_ — oe 
coe ral =anm r_ 









Figure 22 * DCJ11 General Purpose Write Cycle Timing Sequence 
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5 ° 





002 Reads the powerup mode, halt Option; FPA option, POK signal, arid boot 
pane __ and clears FPA's FPS. peered | on ee ee 


003 — yuAckne uM ledges FRE gud, ai he . - F g.exct . tior ‘ ode 









transaction requires a a minimum of si period ad i reched b two-pe ti het emehis ant i 





Figure 23 = DCJ11 General Purpose Read Cycle Timing Sequence 
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DMA Request and Grant Transaction 

When the extetnal system rectuests the use = of the DAL. fs or wants oe wostall ee Dc 1,4 it asserts sthe 
DMR eae is fs aclowied<d after ae 0 map ee Cate is i He MAB. output. ‘The DMR i input. 
is the DMA request and the MAP output is the DMA grant. These, signals should be recognized 
during NOP or read transactions. The write transactions stretch beyond four periods and the DAL 
bus may contain write data. The DMA transfer stretches the transaction beyond eight periods by 
two ‘aia increments, until the DCJ11 receives the CONT signal to end the transaction. 


The interrupt sckaokedge transaction is “aised to 5 adletowledge a an i interrupt request received | 
through the IRQ<3:0> inputs. The vector address specified can be an internal predesignated 
address or an external address received on the DAL bus. The decoded interrupt level acknowledged } 
is sent on the DAL<03:00> lines at the beginning of the transaction. The DAL <21:16> lines are 
set to one and DAL bits <15:04> are set to zero. 





The interrupt acknowledge transaction shown in Figure 24, is initiated by ne assertion of the ALE ALE 
line that latches the AIO code and the acknowledged interrupt level. The transaction requires eight 
periods to read the vector address and can be.stretched in two-period i increments until the CONT 
input is asserted. ‘The DV input is asserted to latch the interrupt vector address while the SCTL 
signal is asserted. 


POLK -&] 







DAL fT 





ALE 


i seeeueen 


ABORT — NUL svstemasonrsraros— [1 
eet! rae 


mW matte I 





BYFCTL 






Sa ai eee 
ait “coNTINGE 

CONT ty aia 
DV... \\\\ 


~~ Figure.24 = Interrupt Acknowledge Cycle Timing Sequence | 


1-282 Confidential and Proprietary 











Initialization — i 

The DCJ11 starts the a pane process ile ae system a. coche 5 volts. (Vc-) and 
asserts INIT for a minimum of 25 clock periods. The INIT signal can be asserted by the system 
interface by | using a power wakeup cit circuit. The initialization Braces can be. implemented at any 
time the e system interface a asserts INIT as shown i in ve ure 2B a 








ck. ... f-7"\. 
(orrseT) sf | 


INIT 
SCTL 








routine, tind the system fancetacs nosis the coifielesticn data throogh the DAL <15: 00: >. The 
ayateam interface provides this data by hasstwate, soktware, 2 or r fin nware. Figure 26 shows the eforiat 









BOOT ADDRESS 





FPA AVAILABLE 
UNUSED 
HALT OPTION 
POWER UP MODE 


POK 


Figure 26 = DCJ11 Powerup Configuration Register Format 
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08 
07:04 
03 
02:01 
00 





>) | le po | “ lespet ry eu 4 7 ol eC errtig 
15:09 


‘Boot PT ere the bet wae rex ss as the Pe 
powerup option #3 is used. The PSW is 340. 


FPA available—Indicates the system interface is using a floating-point accelerator. 





. ‘ for the: usets sean 2 when the 


Not used—Reserved. 


Halt option— —Selects action to Be ales a a hale is ea in ena ey 
- Powerup mode—Selects the powerup mode for the system interface. 
- POK—Indicates: when the system ac power supply i isOK. 





* All bits are read-only 


Powerup mode— Table 22 lists the four powerup options available to the u user and selected by mode 
bits 02 and 01 of the a register. et 


Bit 02 
0 


0 
1 
1 


“1284 


Bit 01 


oe : thee 


Mode Description 


0. PC at 24, PS at 26 
| Micro ODT, PS=0 


4 | | 
1 


User area PS = 340 © 
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en_AU NAAN NUNN NN SRNR NE TINTILOCCNINNICHCCONN NNR RUM ANMRSeNN ANN eae aN NNT MRED Re 00 OR ERROR ROO BD put) ONE Rene OK URN Orne OGRA RNEASY 





« Powerup option 0—The processor reads physical memory locations 24 and 26 and loads the data 
into the PC and PSR, respectively. The processor services pending interrupts or starts program 


execution ss at the memory location {pointed to by, the PC. 








The a service sietians are i pn 0 2 eae erga 




















jumpers and loads the res << D:09> 
340. The — then services ‘ea c : inte: 


ib ibs the. system interface to indicate that the ac 

bit: oe “ the voltage i is correct; when bit 0 is 
the power is ‘off, pacog4 aT AW aD 

Boot Address —The ee address reads the severr hi; est bits (15:09) of the starting address from 

the system interface. The remaining bits (08: 700). | — This allows the sears address 

to reside on any 2,048-word boundary. The boot-address is se 

FPA Available—The system interface sets this bit 

and is cleared when a floating-point accelerator-i 

Halt—The halt option is used by the system, inte 

instruction in kernel mode. When set, this bit indi 

address 4. When cleared, it indicates that the system will | wi 











The nifdlieation sequences ate shonin in. the pe following flo 
described in Figure 27, sheets 1 Seana 4-The powerdown routine is described in Figure 28. The 
i , wn nets 1 ‘ 2. All these routines cami a 


WV figuras The powerup routine is 






] 
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1-286 


— GPWRITE 


GP WRITE 
NIO_ 


GP ware | 
: me 

NIO 

NIO |. | 

BUS WRITE 


NO 





~DCJ11,, 
~ OPE RATION 


: EXTERNAL Losic. ee 
| ASSERTSINITFOR | 
_AMINIMUMOF | 


25 CLK PERIODS 


GENERATE . 


_ GP CODE OF 


GENERATE GP ' |. 


CODE OF 
014. 


| DELAY OPERATION ||. 
| For 69 + 
MICROCYCLES — 


GENERATE 
GP CODE OF 
214 





CLEARMMRO 





_ CLEAR MMR3 






FOR 600 . 
MICROCYCLES - 


CLEAR 
PIRQ REGISTER 
(LOC. 17777772) 


CLEAR FPS 





_ DELAY OPERATION I 


SYSTEMISNOT .. | 
IN CONSOLE ODT — 
MODE. ms 


SET SYSTEM RESET 


1, ELIPLELOP. | 


“CLEAR SYSTEM RESET . 
“FLIP-FLOP 


Figure 27» DCJ11 Powerup Sequence Flow Diagram (sheet 1 of 4) 
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BUS CYCLE DCJ411 
OPERATION 













GENERATE 
GP CODE OF 
002 


GP READ 





CLEAR, CPU ; 
: R REGISTER | 
LOO. 17777766) 





s < ‘ ere ae : ; wl 










POK 
ASSERTED 


YES 


a ag WRITE 400 TO 
_THECCR 





WRITE ZEROES TO | 
_ THE MSER 
(LOC 17777744) | 






BUS WRITE 


WRITE 177766 
| TO THE CPU | 
_ ERROR zi 1 


sgiollO ey geutareh 
Z i te 6 : 2 : ] - {Og Hee 















READ THE CPU : 
ERROR REGISTER 


BUS READ | 
fe OG1 7777286) 


ERROR REGISTER | | 
(LOC 17777766) =| 


Gh na! IMPLEMENTED BY 











‘AD POWER-UP CONFIGURATION 








| ~ pata THAT IS DRIVEN ON DAL 


Oe ER RTERDAL LOGIC. 





SET BIT 8 OF THE CCR, WHICH IS 
ah FLUSH CACHE 





aI INCAGHE 





Figure 27» DCJ11 Powerup Sequence Flow Diagram (sheet 2 of 4) 
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1:287 








BUS CYCLE 


GP WRITE 


BUS READ 


BUS READ 


GP WRITE 


BUS READ 
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| GENERATE GP CODE | 
OF 224 


OPERATION 





GENERATE 
GP CODE OF 220 








READ MEMORY 
LOCATION 


READ ERORY 
LOCATION © 
17777700 






READ MEMORY 
LOCATION 
17777560 


3} 
“ a 5 





TEST 1: PASSED. CPU ERROR REGISTER 
“WRITTEN AND READ CORRECTLY. 


DETERMINE IF EXTERNAL LOGIC THINKS 
LOCATION 0 IS IN NONEXISTENT MEMORY 
(IT SHOULD.NOT). IF IT DOES, EXTERNAL 
LOGIC TYPICALLY GENERATES AN ABORT. 


"pce RINE IF EXTERNAL Locic THINKS 
"LOCATION 17777700 IS IN NONEXISTENT 
MEMORY (IT SHOULD). IF IT DOES, 
“EXTERNAL LOGIC TYPICALLY GENERATES 
_AN ABORT. , 


. = EST 2 PASSED. NXM ABORT NOT 


GENERATED BY REFERENCE TO 
- LOCATION 0 BUT WAS GENERATED 


~ BY REFERENCE TO LOCATION 


NFETTIOO., 


READ ) RECEIVER CONTROL 
AND STATUS REGISTER (RCSR) 


Figure 27 * DCJ]11 Powerup Sequence Flow Diagram (sheet 3 of 4) 
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BUS CYCLE DCJ 11 a NOTES 
OPERATION ‘eis eames Rapes ie 


_ DETERMINE IF EXTERNAL LOGIC 
“THINKS LOCATION 17777560 (THE 
“_ RCSR) IS IN NONEXISTENT MEMORY 
“(IT SHOULD NOT). IF IT DOES, 
~ “EXTERNAL LOGIC TYPICALLY 
“GENERATES AN mee 













GP WRITE | GENERATE GP CODE | TEST 3 PASSED. NXM ABORT NOT 
POF 2300. 


_| .. GENERATED BY REFERENCE TO RCSR. 





= ee Poe M241" = TRAP THROUGH 
Ag iM j LOCATION 24 


are fe ae} 





_ BEGIN EXECUTING CODE 







~ POWER-UP 


a ve 









ENTER CONSOLE ODT 


as 
ay " 
i 








ao 
“Ree 


“BEGIN EXECUTING CODE — 


ae 
Rag: a 





Figure 2 pp . DCI Powerup Sequence Flow Diagram (sheet 4) 
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DCJ11 


BUS CYCLE OPERATION 


POWER DOWN 







GENERATE 
_ GP CODE OF 


. GPWRITE ~ 






2 BUS READS 
2 BUS WRITES 


TRAP THROUGH 
LOCATION 24 















EXECUTE 
NEXT POWER 
DOWN SERVICE 
ROUTINE 
INSTRUCTION 







HALT 
INSTRUCTION 
FETCHED 


YES 


oo fee |... GENERATE 
GPREAD «| ~_—s« GP CODE OF 





000. 






SETBIT7 - 

OF CPU ERROR 
REGISTER AND 
TRAP THROUGH 
Loc 4 


KERNEL. 
MODE. 





YES 





{INITIALIZATION 
SEQUENCE 


___ POK 
_ ASSERTED 





4 NO | 
if seteit7 
YES OF CPU ERROR 

/ REGISTER AND 








HALT 
OPTION 
BIT SET 


- TRAP THROUGH 
LOC4 





NO 


ENTER 


CONSOLE 
ODT 





Figure 28 » DCJ11 Powerdown Sequence Flow Diagram 
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BUS CYCLE 


- GP WRITE — 


GP WRITE 


NIO 


GP WRITE 


NIO 


BUS WRITE 


NIO 


, /. CLEARMMR3 





DCJ11 
OPERATION 


TYPE ING WHILE 
INCONSOLE ODT | 
| MODE 


GENERATE. 
GP CODE OF 
34 






GENERATE GP 
CODEOF 
014 











FOR69 is 
MICROCYCLES. — 


GENERATE 
GP CODE OF 
214 












| CLEAR MMRO — 


| FOR 600 : 
| MICROCYCLES — 










CLEAR ol 
PIRO REGISTER 





Figure 29 « DCJ11 Console Start Sequence Flow Dia oa 





DELAY OPERATION | 





NOTES 


SYSTEM IS NOT 
1 IN CONSOLE ODT 
MODE 


SYSTEM RESET 
FLOP 


CLEAR SYSTEM RESET 
_ FLIP-FLOP 


DELAY OPERATION | sts 


(LOC 17777772) | ‘ ‘ ae : oi 
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BUS CYCLE DCJ 11 NOTES 
” OPERATION Peat 









READ POWER-UP CONFIGURATION 
DATA THAT IS DRIVEN.ON DAL 
BY EXTERNAL LOGIC. 





{0 GENERATE 
GP. CODE OF 







CLEAR CPU 
| ERROR REGISTER 
| (LOC 17777766) 









POK | 
ASSERTED _>- 


YES 














: SET BIT 8 OF THE CCR, WHICH 
BUS WRITE ieee Led ; «IS TYPICALLY IMPLEMENTED BY 
(LOC 17777746) } THE USER AS THE FLUSH CACHE 
“BIT (IN CACHE SYSTEMS). CLEAR 
| THE OTHER CCR BITS. 
WRITE ZEROES TO CLEAR THE MEMORY, SYSTEM 
BUS WRITE THE MSER ae | ERROR REGISTER, WHICH MAY OR 
(LOC 17777744) MAY NOT BE IMPLEMENTED BY 
THE USER. 
BUS WRITE WRITE ZEROES TO 


LOC 17777744 


NIO | CLEAR PS - 


BEGIN EXECUTING CODE 


Figure 29 = DCJ11 Console Start Sequence Flow Diagram ( Continued) 


- Instruction Timing _ 


The execution time for an instruction depends on the type of instruction executed, the mode of 
addressing used, and the type of memory being referenced. In general, the total execution time is 
the sum of the base instruction fetch and execute time plus the operand(s) address calculation/fetch 
time. 

Tables 23 through 30 and the source and destination tables $1, D1 through D6, and F1 through F4 
are used to determine the execution time of an instruction in microcycles. The execution times 
listed in the tables specify the number of microcycles required to fetch and execute the base 
instruction. The read/write (R/W) columns specify the number of read and write microcycles 
required. If the instruction involves a calculation or fetch operation of one or more operands, a 
source or destination table is referenced in the table. The source and destination tables specify the 
number of microcycles required to perform the calculation or fetch operation for the source or 
destination. It also lists the number of read and write microcycles required. During the remaining 
microcycles, no operations (NOP) are performed. 
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The table values are calculated assuming that a read from memory operation requires a minimum of 
four clock periods, « awrite to memory operation requires a minimum of eight clock periods, and a 
NOPinstruction: requires four clock ‘periods when a DMA transaction is not initiated. The time for 
a wait state caused by a slow memory or resulting from a DMA transfer must be added to the total 
execution time. The first wait state of a nonstretched read cycle or NOP cycle requires four clock 
periods and can continue in increments of two’ clo . ck periods. macitional wait states od SCREEN 
cycles occur in increments of two clock periods. *” 











re Eh vs 





The execution time ‘for’ floating-point ' instructions s will vary depening 0 on the 
operation. : 








The examples that follow show how the information from the tables i is used to calculat tota 
time of aninstruction. | CHS | 


Example 1: Determine the execution time of a ‘MOV RO,@#2044 i instruction: 


1. The execution time for the MOV base i instruction is 1 yc, or four CLK periods (Table 26). This 
consists of | one read microcycle. The microcycle may be stretched depending ‘upon the type of 
memory in the system. If the microcycle is stretched, it requires at least eight CLK piston sien ney 
be stretched thereafter in increments of two CLK periods. as 


2. To find the operand calculation and fetch tin : for the source operand RO, refer bed 
mode 0, register 0 calculate and fetch requires 0 te. Note that the operand is atrendly available to the 
DCJ11 in the register file. © 


3. To find the operand calculation and fetch time for the destination operand (t he contents of 
memory location 2044), refer to Table D3. A mode 3 register’7 calct and fetch operdiion 
requires 3 jc. One is a read microcycle and oné is a write microcycle. The remaining microcycle is an 
NOP microcycle. The type of memory in the system must be taken into account. If the read cycle is 
stretched, the stretched cycle requires a minimum of eight CLK periods and may be stretched 
thereafter i in increments of two CLK cans The duration of a write derecho is a minimum of 

























number in the cain column for certain mode 2 register 7 operations: This ie tioiagles shows a 
timing calculation for one of these. 


Determine. the execution time of a CLRD #2000 i instruction, , 
_ 1. The base instruction time for the CLRD instruction is 14 pc. oeridu di 
2. From Table F2, the esate and fetch time for the — (a mode 2 ecm 7 leone) is 


le 





adel to this shce There are no 9 memory pe nee to account for 


3. The total of the microcycles i is 14-1+ 1=14 uc minimum. This value assumes the cycle 1 is not 
stretched. 


Leyes gee 
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Table 25 : DCJit Single Operand Instruction Execution Times 





| eae ne er Execution . Source | “Destination 
Mnemonic Instruction sees hs “Opcode Time (uc) RW Table Table 
CLRIB) Clear : —  9050DD 1 © “Yo —  .D3 
COM(B) Complement (one’s) 0051DD 1. i/o — D4 
INC(B) Increment  . —  0052DD 1. 24/0. D4 
DEC(B) Decrement | 0053DD 1 1/0 — D4 
NEG(B) Negate (two’s complement) 0054DD 1 1/0 — D4 
TST(B) Test 0057DD 1 10 — D4 
Rotate and Shift | “au F erh Sh : 
ROR(B) Rotate right 0060DD 1 1/0 — D4 
ROL(B) Rotateleft 7 0061DD 1 10 — D4 
ASR(B) Arithmetic shift right 0062DD 1 1/0 — D4 
ASL(B) Arithmetic shift left 0063DD 1 1/0 — D4 
SWAB Swapbytes | | 0003DD 1 1/0 — D4 
Multiple-Precision | 
ADC(B) Addcarry > . 0055DD 1 10 — D4. 
sbC(B) Subtract carry 0056DD 1 10 — £D4 
SXT Sign extend 0067DD 1 10 — D3 
Multiprocessing nee ne | : 
TSTSET Test and set (low bit interlocked) 0072DD 5 1l.— D4 
WRTLCK Write interlocked | | 0073DD 4 1/1 — D4 

Table 24. Dot Double Operand Instruction Execution Times 

| _ Execution | ‘Source Destination 
Mnemonic Instruction ea Opcode “Time (uc) = R/W Table Table 
General - oe 
MOV(B) Move — 01SSDD 1 1/0 S1 D3 
CMP(B) Compare 02SSDD 1 1/0 S1 D2 
ADD Add 06SSDD 1 1/0 Si. D4 
SUB Subtract 16SSDD 1 1/0 $1 D4 © 
BIT(B) Bittest(AND)  _ -O38SDD 2 kere W/O 2 Gist D2: 
BIC(B) Bit clear 04SSDD 1° 1/0 Si D4 | 
BIS(B) _—_ Bit set (OR) — O5SSDD 1 1/0 $1;,. + D4 
Register 
MUL Multiply 070RSS 22 1/0*" — D1 
DIV _ Divide O71RSS 34 10%? D1 
ASH Shift automatically 072RSS 4 1/0 — D1 
ASHC _ Arith shift combined 073RSS 5 1/0” — D1 
XOR Exclusive (OR) O74RDD. 34 1/0 — D4 
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Table 25> Deptt Branch Instruction E: 


Mnemonic Instruction 
Branches 


BR —_—Branchunconditional 


BNE Br if not equa 

BEQ> — Brif equal t00 

BPL  _Brifplus _ 
BMI Br if minus ~ 

BVC ——sCwKBr if overflow’ is clear 
BVS _Brif overflow i is set - 





BCC Br if carry isclear 


BCS __ Brif carry is set 
Signed Conditional Branches 


BGE Br if see orequalto0 020000 


BGT Br E greater than oO 
BLE Br if less or equal to oO 








Branch 
Not Taken 


Op ode ese (ey 


ec00 
100000 ; 


NNNNNNNNN 





“ -93002400_ ay 
-.003000. — 
oounfo 


NNN N 


1/0 
1/0 


i 


1/0 





1/0 


cat pp ee 


si : 


¥ i 1 eae 
ay i Wie tic, Se * ie a ere 
eae eee A ie oo i a. 





Branch» 





LAALAA DARA 


ae a Cnn a ies 
Fact ih ell sh ha o ki 


2/0 


oi dM 


2/0 


a a 


ee hae 





Unsigned Conditional oo oh 


BHI... _Brif hi gher: J 
BLOS Br if lower or same 
BHIS _Br if higher or same 
BLO Br if lower-- 


SOB _— Subtract 1 gid ee if 


not equal to 0 


Table 26+ waste 11 Jom and Subroutine Instruction Execution Times 


Mnemonic Tisticton ‘ 
JMP ~—‘ Jump 
JSR Jump to subroutine 


B 101000 a 


wWNNNN 





1/0 


‘Execution 


1/0 | 





io 


' 0OO4ARDD — 


RTS -Return from subroutine 00020R 5 


MARK Stack cleanup 


0064NN 10 


‘ i » it . 
¥ a alta em 
+ 


M55 ible 
se 


D6* 
14 





2/0 IV 
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re 


Mnemonic Instruction 





TRAP Trap 





BPT. . Breakpoint trap 
IOT.. Input/output trap | 





RTI Return from interrupt 





RTT; Return from interrupt 


tr 





Mnemonic Instruction 


Table 27 = DCJ11 Trap and. 


—104000— __ 
104377 20 


104400— 
104777. =. 20 


000003 20 
000004 20 
0000029 
000006 9 


Execution — 


Or code Time ( 





CLC Clear C 
CLV | Clear V . 





CLN. Clear N . 





CCC Clear all CC bits 
SEC Set C 

SEV Set V 

SEZ Set Zeenat) aeckiur 
SEN: -Set N 

SCC Set all CC bits” 


000241 3 
000242 
900244 
000250 
~ 000257 
000261 
000262 
000270 
~ 000277 


Wwip we 


Execution 


Opcode _— Time (1c) R/W 





wil wlwl wl wl wl w 





4/2 


rae aoa ne Y ape} 
mere 


Table'28 « DCJi1 Condition Code Operators Instruction Execution Times | 


RW 


‘hevdis cs Sod 


oO 
1/0: fe ice 


1/0 
1/0 


et AAP sk 


1/0 












Table 29 “ee Miscellaneous Instruction Execution Time 














7 - proc sede. 


Execution 





Time (uc) R/W 





CSM | Call to Seer Tg] -- 








‘Table 30 - DCJ11 Floating-point Instructi 


Mnemonic Instruction 
ABSD_ Make absolute 


ABSF : , Make a absolute rr | | - Ec 


ADDF | Add 








CFCC Copy floating condition codes -170000%. 


CLRC Clear 
CLRF = Clear 


| 704 f fast 
| 1704 fdst 





CMPD _ Compare 
CMPF _Compare 


: 173(ac+4) : 


“173(ae+ 4) 





DIVD Divide 
DIVF Divide 


“T7A(ac+4) 
174(ac + 4) 
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160 
59 
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sara 8 se Non Sb 20 MAN as ome i eke i sg 
Mode 0 hove 


Mnemonic Instruction... — Opcode = Min._~—s Typ. Max. Table 
LDCDF LdandCfromDtoF  . i77fac+4) 24. CWC 
LDCFD LdandCfromFtoD .  177(ac+4) 20 2k FL 





LDCID LdandC Integer to D | “T77(ac) src fe ee 
LDCIF Ldand C Integer to F | 
LDCLD Ld and C Long Integer toD _ 177(ac) src 3100 5D 











LDCLF LdandCLongIntegertoF  177ac)sc 26 44. FA 


EDD xs Lad ce, coceneningssniet xt LI DIROMS) ecu cL. mene tiene tl oeeee tll en, 
FDEXP Loadexponent = —176(ac+ 4) 17 : es FA - 





LDF Load bite) 2 
LDFPS LoadFPPprogramstaus 170lsce 6 6 F4 





MODD Multiply and separate Ss I7l(ac+4) 202 -217—=s268—S”té«‘CSCC‘Ci(‘s 





MODF Integer and fraction 17A(ac +4) Chay ARP gg TE is ; Rp 


MULD Multiply > “Macfie «165 Aco Ft. 
MULF Multiply A7ifac) iste 56 ak) ce os 
NEGD__ Negate 1707 fdst 22 23 F3 
NEGE  Negate a | 1707 fdst 18 19 F3 
SETD Set floating double mode = 170011 : F ’ ae ae 7 6 ; = 
SETF Set floatingmode © 170001 | 6 —_ 6 — 
SETI Set integer mode 170002 6 6 — 





SETL  Setlongintegermode 170012 — 6 ah oe Ge 4 ood 


STCDF StandC from DtoF 176(ac) fdst 17 pee De Ba 


STCDI Stand C from D to integer 176(ac)fdst 26 “seigate BB F§ps: 


STCDL Stand C from D to long integer 176(ac) fdst 26 a ee ae 
STCFD StandCfromFtoD 176(ac) fdst 19 — .20,—s«F2 
STCFI Stand C from F to integer 175(ac+ 4) tere rere, 35.7 F5°: 
STCFL Stand C from F to long integer 175(ac+4) 23” — 5100~CtCWFS 


STD. | Store : W4ac)fdst 12002 sid iD 
STEXP Store exponent 7 175(ac) dst 16 | enek@ “BS y 
STF:' Store | 174(ac)fdst «8 4 “8 wo ORRy 
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-177{ac) sre eee 360°C FA 


TeBEEIENPUSRHRRON ROEM 








ction -- Opeode Min. ‘Typ. | Max. _ Table 
STFPD Store FPP program status 1702dst..... -9..~S«”~tsi‘<CSCtCS:S*CSDtSSCi*zrCS 
STST Store FPP status _ — 1703 dst sheet Ur ee ee See 
SUBD Subtract. CBM) fe S47 
SUBF Subtract | 5 Beste aaeeecoeeenessed 173(ac) fsre a a Al 104 FL | 
TSTD Test “Wosfdst lS 
TSF Test  i705fdst 9 10 Fl 








The following notes refer to the source and ie tables that ra ea 
1. Subtract 2 microcycles (uc) and one read cycle if both the. source and destination leg 
autodecrement the PC, or if write-only or read-mod dify-write mode 07 or 17 is used. - 

2. Read-only and read-modify-write destination mode 47 reference: etic three READ. 
operations. One of the READ operations is accounted for in the execute, fetch timing. | 
3. Read-only and read-modify- write destination mode 57 references actually perform four READ 
operations. One of the READ operations is accounted for in the execute, fetch timing. 

4. Subtract 1 uc if the link negreer is mil PC. 
5. aos 1 pe: af oe a urce O F erand . 

















quot . Bias and 1 11d uli i 
PC is used as a destination register ssid soutee os > 47 or 57 is not used. vm “4 
8. Add 1 uc per shift. 
9. Add 1 uc if the source operand bits 15:06 is not zero. 
10. Subtract 1 yc if one shift only. | : 


11. Add 4 uc and 1 read a if the PCi is used as a a destination register and sc source e mode 47 0 or STi is 
not used. 7 


12. The divide by zero execution time is 5 rc i see ze Note 6). 


13. Timing for no shift. Add 1 yc if-a left shift. (Notes 8, 9, 11 apply.): Add 2 uc for a right shift. 
(Notes 8, 10, 11 apply.) 


14. Add 1 uc if a register other than R7 i is sisal 


15. Mode 27 references access single word operands only. The execution time listed has been 
: sian to pina as reflect the total execution time. 
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Read Memory 
Cycles 


Table D1 = DCJ11 Destination Address (Read-only i acc Cycle Time 


Read Memory 
Gyles 


ae . 


: 33 €! eB es ae 








Destination 


Mode 
= 


NPQ] Up Up a] AL we] WI NIN] 


Destination 
Mode 


Register 
0-7 


0-7 


0-6 





0-7 


|} a] oof Bl A] UT NR] Bw] Ww. 


Cycles. 
a 


Microcode 


QL BR] ol ula} wl wl ala} rial nr al 
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Memory 
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Table D5 « DCJ11 Destination Address (Jump) Cycle Time 
Cycles 


Destination Microcode Memory 
Register Cycles Read 
t $0900 gg oC”CttCS 
0-7 6 2 
5 TS: | ne 
0-7 5 2 
0-7 6 3 
0-6 6 o 
7 5 3 
7 4 


LOLOL oOo! oe C/o; olol¢g 
| 3 
o 


7 | 400 FH 





“Table D6 Deyut L 


Destination 
Mode — 
1 


HTM Bi wi wi] do 


Destination 


Regiuter 


0-7 
0-7 
0-6 
7 


0-7 


0-7 


0-6 








Microcode ~—«-: Memory 
Cycles - » Read 


9 
10 
10 
9 
10 
nl 


wl wl dot wl] wi dod do 


sstination Address (Jump-to-subroutine) Cycle Time 
_ Cycles 











os 


7 
0-7 


SS 


— _— 


Table F1 - DCJ11 Floating Source Modes 1 through 7 Cycle Time 


Microcode 
Mode 


‘Memory 
Register 


Single Precision _ " 


“IO Uw BW wh De 


Double Precision 


0-7 
0-6 
7 

0-6 
7 

0-7 
0-7 
0-7 
0-7 


0-7 
0-6 


0-6 


0-7 
0-7 
0-7 
0-7 


Memory 
Cycles Read 


bBWwWWwhwwe dd: | 


— 
wa 


OuwvV BUY eH HB HA 


> 
2 
0 
6 
) 
6 
7 
6 
8 
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‘Table F2* DCJ11. —- Destination Modes 1. trough 7 = Time 


Microcode 
Mode 
Single Precision 


NAUBRWWNHNE 





Double Precision 


NAUBRWWNNE 


1-304 


-» Memory 
” Register 


0-6 
7 
0-6 


7 
0-7 


0-7 
0-7 — 
0-7 


0-7 
0-6 
7 
0-6 
7 dj 


0-7 


0-7 


oy 


guna - Read 


DARURWAHR WY. 


—1)» 


DAUKUAT UY 
Nee orr OOO 
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Write 


f& DB BDA Ae BR OR 





iE ANDHERNRNORRE REN ERHHRREN NOONE 


cotta 





Table F3= DCJ 11 Floating Read-niodi 


ee 
Mode 
Single Precision 


Double Precision 


~!O Wa BR Ww Ww ho ho 


Memory 


~ ‘ R egister 


07 
‘0-6 
0-6 
g 

0-7 
0-7 
0-7 
0-7 


0-7 
0-6 


0-6 


0-7 


0-7 
0-7 
0-7 


Memory 


\siCycles es Read 


- 
ei 


OnRNAURKReEUY 
BR wWwWN WW BL tD 


_215 
10 
10 

11 
10 


\o 
D7Aunkhaune pa 





DONNNNNBND 











.~ Table F4 = DGJ11/ Integer Source Modes. 


Memory 


Register 


0-7 
0-6 


7 


0-6 
a 


0-7 
0-7 


0-7 


= 
® 
e 
: 


“IO Ul B Ww Ww Rh ho = 


0-7 


0-7 


0-6 


7 
0-6 


7 


0-7 
0-7 
0-7 
0-7 








Memory aed 
.-» Cycles Read 


—= 
wt 


WwW BR WwWNH WON No 


-— 
wa 


4 
4 
0 
>) 
4 
5 
6 
7 
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Table F5 = DCJ11 Integer Destination Modes 1 through 7 Cycle Time 


Microcode Memory Memory — i 

Mode Register Cycles Read Write 
Integer _ 
1 0-7 4 0 De 
2 0-6 4 0 2 

2 7 2 0 oe ae 
3 0-6 >) 1 2 

3 7 4 1 a2. 
4 0-7 5 0 2 

5 0-7 6 1 7 ae 
6 0-7 p) 1 2 

7 0-7 7 2 2 
Long Integer 

1 0-7 2 0 1 

Z 0-6 2 0 1 

2 7 2 0 1 

3 0-6 3 es. 1 

3 7 2 MAG. 1 

4 0-7 3 0. 1 

5 0-7 4 es 1 

6 0-7 3 a 1 

7 0-7 p) 2 1 
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-InstructionSet |.) 


ei 


Refer to pecans B a a ease list of co DC} 11 mrigggprocessor instruction set. 


. Specifications 


The mechanical, electrical, and environmental characteristics and specifications for the DC319-AA 
are described in the following paragraphs. The test conditions used for the electrical values listed 
are as follows unless specified otherwise. Refer to Digital specification A-PS-2100002-GS for the 
general specifications for integrated circuits. 


« Operating temperature (T,): 70°C 
« Power supply voltage (V,,): 4.75 V 
* (Vss): 0 V 


Mechanical Configuration 
The physical dimensions of the DCJ11 60-pin ceramic DIP are contained in Appendix E. 


Absolute Maximum Ratings 

Stresses greater than the absolute maximum ratings may cause permanent damage to the device. 
Exposure to the absolute maximum ratings for extended periods may adversely affect the 
reliability of the device. These ratings are for stress conditions only and do not imply that the 
device will function properly at these ratings or ratings above those indicated. 


« Power supply voltage (V,,): 7.0 V 

« Input or output voltage applied (V,,): -0.3 V, (Vcc): 0.3 V 
« Active temperature: -55°C to 125°C 

« Storage temperature: -65°C to 150°C 


Recommended Operating Conditions 


« Temperature range: 0°C to 70°C 
= Voltage range: 5 V +5% 
« Relative humidity: 10% to 95% (noncondensing) 


de Electrical Characteristics 

Table 31 contains the dc electrical parameters for the input and outputs of the DCJ11 for the 
specified operating voltage and temperature ranges. Refer to Appendix C for test circuit 
configurations referenced in the tables and used to perform the tests. Table 32 lists the applicable 
dc tests required for the input and outputs of the DCJ11. 
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MOS input 


MOS input 
Vee High-level 
i TTL input 


Units Test 
C1,C2 





C1,C2 





Ves Low-level 


OV2=VI2Vec -10 10 pA 


I, ey a 
current 
non- Test inputs 
In,  —s Amput current 
Test inputs 





POO eatin es este mA 


: Vge5: 25V 





at high level 
Tou Output current — 
-at low level 


Vor=040- mone cae mA 


Howry Ve -0. 4. Ve: 72.0 ie oN - ee mA > C1 , | 


C1,C2 





Ionr  --—-: Output current 


ae Ts lod = 


| es Low level 


Locss Static power 
supply current? 

C,, Input only 

bsg _ Capacitance? 





‘ aVavaia! 


Vi0=24 Vv — 90 : i aes ‘ mort sGien » 


Uy Oy ee C6 a 


Vour= 1.0 0.2 °&42»+08 mA Cé 


tadOs0 090 CRO? oo cpa seu. COED 
Vec= 5.25 V Eadlige on 


— 30.0 mA C7 
Vee = 5.25 V 
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Sal dea Tes = oe One le 
Cs. Input/output | e : — 15 | pF 
Capacitance’ | 3 3 | 
CG. Output — 15 pF 
? - Capacitance’ | mae 
CG DCJ 11 capacitance ~- 100 pF : 
plus external | 
capacitance 


‘Applies only in the high-impedance condition. 
*With TEST1, TEST2, and all outputs open circuit. All set - inputs equal to’ to Vic. 
—— onl guaranteed, but not tested. Does not apply to TEST1 or TEST2. 


Table 32  DCJi1 de Signal Test ee 
Type Name | . Applicable de Test 





TTL input  -IRO<3:1>, HALT, PWRE WETS PARITY TNs Veo: 
7 Dv, MISS, CONT, DMR, INIT and FPE ) 
TTL output DAL <21:16>, AIO<3:0>, ALE, BUFCTL, a re ee ee 
SCTL, STRB, BS<1:0>, MAP, and PRDC  * _ 
MOS input TEST1 and TEST2 Vis las lite 
MOS output = CLK and CLK2 Lows loi las 
TTLYO ABORT* Var» Tots Tour, 
Ioz, losn 
. | Tours loz 
Power Vee lecsp 
*ABORT must be driven with an open-collector driver because Fe DCJ11 has a palup device that 
a Tsu: 
ac Electrical Characteristics _ 


The timing references and signal parameters of the DCJ11 are shown in the folliwitig figures and 
tables. Figure 30 shows the input and output voltage waveform characteristics. The test conditions 
used to perform the ac measurements follow: Figure 33 shows the output load circuits referenced 
on the tables and used to perform the output measurements. 
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ten 


Vin Vint , 

| "J REFERENCE 
CLK (MOS) | 7 - OUTPUT 
DV (TTL) 


VoL Vie Vict 








‘a—@) (OUTPUT) 





Vin Viet 





MOS, TTL 





Vin Vit 


th He (INPUT) i—> th (INPUT) 


VoHVout —s| |, (INPUT) | t, (INPUT) 


| Vin Vint 


Vou = Vcc —-04 © 
Vo_=90.4V 
ty = DELAY TIME 
th= HOLD TIME 
t= SETUPTIME 
ten ENABLE TIME 
_ tgis = DISABLE TIME 


gree! g 


MOS, TTL 





Figure 30+ DCJ11 Input and Output Voltage Waveforms 
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-sunnnnenin enanaianonniP RAF MOEN ROMRONAN NNT 





te i 


OUTPUT 








UNDER TEST POINT 
TEST . 
Load A-Three-state disable test circuit buy 
TEST yvec 
R,_ IS SELECTED TO PROVIDE 
R, 'oL OF 2MA AT 0.4 VOLTS 
OUTPUT Rape ne 
-. UNDER 
TEST 
Be ce, i! ALL DIODES ARE EITHER 
CLOAD-S IN916 OR IN3064 
= Coan = Cmax 72-11 PIN CAPACITANCE 
Load B-TTL output test circuit 
OUTPUT 
UNDER _ TEST 
TEST : POINT 


CLoaD de 


CLoaD= Cu ax- S11. PIN CAPACITANCE 


‘Load C-MOS eeu test circuit 


‘Figure 31° “gy 1 Output Loading Circuits 


Clock Signal Timing | 

Figure 32 shows the timing Sieences e dhe dled alesse referenced in the following measure- 
ments. The reference edges are defined as whole- and half-unit clock cycles. A whole unit is the 
time between the rising edges of the clock cycles and a half unit clock pulse is defined as the time 
between the rising and falling edge of a clock cycle. Figure 33 shows the timing references for the 
clock outputs and Table 33 lists the. clock timing parameters. 


TO T1 T2 T3 T4 T-3 T-2 T-1 


70.5 T15 725 13.5 T4.5 T-2.5 T-1.5 T-0.5 


Figure 32 » DCJ11 Clock Cycle Reference Edges 
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j-— TevcLe——} 7 a ae -—| 7 fe Teun a 
CLK a Nhs / gat ea Nie 





CLK2 





Figure 33 « DCJ11 Clock Output Timing Waveforms 









turns ‘Initialization interval 225°. =— | +s ~N/A 








= CLK high wid th one a5. : i = ae? 7 N/A Load C 
os CLK low width - na 28 ao a aac ons : N/A Load C 





te CLK risetime i . N/A Load C 





tecyc 
er 
tecixn | 
tpcags CLK2lowwidth == - 28 — ~—s ts N/A Load B 
tes CLK2faltime eo pg N/A Load B 


‘Refer to Figure 31 for output load circuits used for the timing measurements. 
*Dependent on output loading of CLK and CLK2. 
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The following figures show the timing references for the bus read and write transactions, general 
purpose (GP) read and write transactions, and the interrupt acknowledge bus cycles. Figure 34 
shows the nonstretched bus read timing sequence and Table 34 lists the timing parameters. Figure 
35 shows the stretched bus read timing sequence and Figure 36 shows the bus write. timing 
sequence. Table 35 lists the timing parameters for both the stretched bus read and bus write 
transactions. Figure 37 shows the GP read timing sequence and Figure 38 show the GP write timing 
sequence. Table 36 lists the timing parameters for both the GP read and GP write transactions. 

Figure 39 shows the interrupt acknowledge timing sequence and Figure 40 shows the interrupt 
timing sequence. The timing parameters for the interrupt sequences are listed in Table 37. Refer to 
Table 38 for the t,, and tsp parameter references in respect to the CLK signal timing shown in 
Figure 39. 


T2/T6 + T3/T7 TO T1 


T2 T3 TO 

CLK ! | | 

S Bee 
. a aoe a> < 


mE tpip - 


PRDC 
| ikea = mm 





meal 


tsip 








Figure 34 =» DCJ11 Nonstretched Bus Read Timing Sequence | 
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T15,T3 Load B. 












teary 7 ; DAL valid hold | ay 5. es ee. : sole ne | ai 
tar. -) DAL getp dedi pgge 88 ae Ped 








tee DAL< 15:00> setup 35 : PAS eee ae eee or : sai 
tear DAL<15:005 hold 5 eng 
a tee oe 

| ns 

ns 

ns 

ns 








tums ...-«- MISShold 10 ao Bae EB ree a 
te PRDCvaliddelay = — 350... nm TO + LoadB 
tep ie Strobe active delay oie 3 j a! es ‘ 35 a ns able 38 LoadB 
tsp Strobeinactivedelay 0 355 ns ‘Table38  LoadB 


‘Refer to Figure 31 for output load circuits used for the timing measurements. 
*The setup and hold signal requirements ensure the recognition of the next sample point. 
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. tas ee 8 o ° . y 
Poe Fok & Per eer: 
| | | 
a a é 


DMG —_| tt | 





i: Sh + +h 
bc co oe re 


po as pa BYP/FORCE a ee et 


ALE Z) 
| |tsin—* 
STRB 

















SCTL a 
a aa! = 

AEORE:* 2. 

CONT 


tpALD 


DAL = ADDRESS > ae 
bygts READ 
DV . eee DATA 


: Figure 35« DCJ 11 Stretched Bus Read Timing Sequence 


te 1317 YO Tt' 12 13 4 4 TE Te Te TS 3 i TO 

CLK _f : ! ; = 
Sop 1 | taloD (1) __ ie 

wo ee et ae Seay REE 

__ ae Seed oe ea aa el 

PROC ) ! ) ; 

pate je tDALD - eee 'DALH 
A= ce Pp —_— (|. BUSWRITEDATA. || | +» 


ALE ee | 
oe ae SID tsip 
STR Ax | | | 


BUFCTL ae ae — 


= eo Lt 
8s <r sveronce. | [| +» 
map = i—=6 = a 


tsp , TABD taBs : taBD 


KBORT ee ee a 7 ee a 


oem ABW teNT 
CONT. aS nal 2g tCNTH 


Figure 36 * DCJ11 Bus Write Timing Sequence 
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rm _ Table 35 + DEL Stretched Bu Read nd Wie Ting Femetes 


Ts dad 4B 








a. “NO <3:0> > delay [a ae 


el 








“ToL TLS Load B 
E: a T 15,73 Toad B 
_ T15,T4~ Load A ™ 


tpatp | . od vall O  saaheiembaesten a etncietes ge it 
toaLy DAL valid hold 5 foam 
tors ae he ~ DAL output disable = — ~ sl 35 pee i 


a DR eo a. me 











toyed’ DAL< 15. 00> hold 35 — 
s _ DAL<15:00> setup 35 = a0 
tow Bv-dewsettion oo sce Pm % ¥ ' = 0 : eee 


tpvs DV deassertion 0 


TO Load B 


Jaleleleleleleleleje 
o 
WA 
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; ina - 


DMG 





























BUFCTL~ SOU sae 
“tDALD a GP DATA 
DAL re or cT> <r 
| | tpvos 
tois FAST | aoe af t 
fe tov 
bv . GP DATA tw - a 
Figure 37» DCJ11 GP Read TimingSequence 
3 jae 1377 «TO 3oT1) 72.73 4 14 To Te Th TS 11% 7 TO 
CLK. | 5 | a re 
PRDC | re re = oo 
‘DALD- - TDALD a ae toALH 
DAL is ic <sieel GPwalie DATA SR 
ALE : a A nd 
om om am on mall 
. siD tsp 
STRB 
BUFCTL oo -: 
ae "sD tsiD 
SCTL 
*sp—> ‘sD-> a, o | 
BS P< ae a 
bass tsD——>} tsp ne 
MAP I<] __MAP DMG 
aia ae ‘so—> _ 
ABORT Pra 
| | Agta 
CONT 
Figure 38 = DCJ11 GP Write Timing Sequence 
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Table 36 = - CJ11 GP Read and Write Timing Parameters 


Requisenents se an Load > 


, ns 





ene TeesT 





ewe aa. eC 








ae _TONT hold | | ae 
tou “DAL valid delay oo OF ns TH, TLS Load B 
toa —— valid BN on Fp pe ies, 1 Load B 








ts DAL output sable = ons TS T4 Load A 
tours DMR setup’ "930 ee 








ns 
ts s«zDAL<15:00> setup 35 sti = 
town  DAL<15:00>hold 9.35.22 ns MDV-L 

ns 

ns 

ns 


tovns DAL<b:00> setup 35 — ns 
toe DV fall time — ee AS 


toua DV deassertion — 0 


— MDVL 

“N/A 

T6.5 

tive DV deassertion 0 ns T4 
tovw - DV sh width = 920 Pep ee ns = N/A ~ 
tat MISS hold 10 — ns T3 
tas sae PROC valid delay = 50. nm TO . ILoadB 
tin _ BRDC inactive delay — 50 ns T2 Load B 
ten Strobe activedelay... 0) BK i ns Table 38 LoadB 
te Strobe inactive delay 0 35 ns Table 38 LoadB 


‘Refer to Figure 31 for output load circuits used for the timing measurements. 
?The setup and hold signal requirements ensure the recognition of the next sample point. 
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TT >< 
— ons | Epo 


ee reese 


= eet 
ALE é 





INTERRUPT ~ 
VECTOR 
(SLOW) 
> <a = — 
. DVDS leg t 
INTERRUPT INTERRUPT VECTOR DVDH 
pV LEVEL (FAST) ——s\_ +— tv 
tovw bos acces 
; . tovr _ 
tovs 





T4 
CLK 7 
: ves] Jsvcs F* 
IRQ<3:0> ><] | svc 
HALT,-PWRF, en 
FPE, EVENT 
ee tPARH fas. tani | “teans| ARH 
~ PARITY = : es < a oa ee = | 
Figure 40 « DCJ11 Interrupt Timing Sequence 
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Vipera naan OUND HINCERrrrn MEYER EERO 














tasw ABORT width 40+ tax = — wy SCT 
tarop AIO <3:0> ie | — ... 75. ms iets ae ae ao B 








tens CONT hold 20 — ns 135 
ns 


Gis DAL valid delay — 65 T-1 Load B 
bite DAL valid hold... isk coe 32. cian, Geet asect’ =T15,T3 ~ LoadB 
tos __—-‘DALoutputdisable, 35. Se TLST4 Load A 
ae Om sa ing aaa a a 

town . DAL<15:00>hold 35 ., — | ms ~ MDV-L 

x Micssap os = a. MONT 

og IW iii 

. ns T6.5 

= DVdeassertion =O EM 

towy DV pulse width ae eee ons oe N/A 

te MISS setup 30 — ns T3 

tina MISS hold 10 _ ns T3 

taxes PARITY setup 20 ~~ ns Figure 39 

tie PARITY hold? 20 _ ns Figure 39 

ten _ PRDC valid delay — 50 ns TO Load B 
, PRDCinactivedelay  — 50 ns T2 Load B 
tis Strobe active delay 0 35 Table 38 LoadB 
ths Strobe inactive delay 0 35 ns Table 38 LoadB 


4 
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ee Requirements — EEE OT ght Load 
Symbol Parameter = Min. | Max. — Units = Reference Circuit’ 


tees -« IRQ<3:0>, HALT. 20 — ns Figure 41 
re BURR PDE EVENT _ | iaas 
setup’ 


tever . _IRQ<3:0>, HALT 20 = ns . Figure 41 
PWRE, FPE, EVENT ar a 8 
~ hold? 


‘Refer to Figure 31 for output load circuits used for the timing measurements. 
The setup and hold signal requirements ensure the recognition of the next sample point. | 


Table 38 - DCJ11 t,, and t,,, Parameter References 
Signal - — tes Reference Edge i tig Reference Edge | 
ALE | TOS °f ee 
STRB Ws: CUD 
BUFCTIL —-'TL5, first T4 13 Tai* 
SCTL Second T40rTS ss T-2 
BS wn 2205,,71 
MAP . ES 
ABORT - T-0.5 . 
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= Accelerates by five to eight times the DCJ11 floating-point instruction perfoinance. ca 
« Improves by three to five times the system performance in floating-point applications. 
= Supports the complete FP11 floating-point instruction set. 

« Supports single- and double-precision losing poins, as well as 16- and 32-bit integers. 
'» High-speed, double-metal ZMOS technology. 

= Single 5-Vdc power supply. a a 











Description : 

The FPJ11, shown in Figure 1, is a very large scale integration (VLSI) floating-point coprocessor for 
the DCJ11 microprocessor that implements the FP11 floating-point instruction set on a single 40- 
pin chip. The high performance of the FAyie significantly 1 enpeses the performance of computa- 
tion-intensive applications. 


The FPJ11 interface provides the ability to overlap i instruction execution in a DCJ11 system. This 
ability allows the effective execution time of floating-point i instructions to be measured as the time 
required to execute the support microcode in the ee and any time waiting for a previous 
floating-point instruction to complete. | 







. Sons i 






——J | vo recister | A ere = wee 
er cenelianecrsatiikermeand oe coanages . 


= 


ee ane ae a " i aaa | ee! FPA FPE, FPA STL 
, FPA RDY, FPA OP 
AIO<3:0>, ADDR<1:0> 


EU PLA 
(165° 36) 


Figure 1+ FPJ11 FPA Block Diagram 
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This section provides a description of the input and output signals and power and ground 


connections of the FPJ11 package. The pin assignments are identified i in Figure 2 and the signals 
are summarized in Table 1. 


Pin 


2-9 
32-39 


13-16 


17,18 


19 
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Signal 
DAL < 15:00> 


AIO <3:0> 


ADDR < 1:0> 


INIT 


VoD 

~ DAL 08 
DAL 09 
DAL 10 
DAL 11 
DAL 12 
DAL 13 
DAL 14 
DAL 15 
CLK 


ee 


ss; 
Yeg 
Al03 
Alo2 
Alot 
AI00' 
ADDR 1 
ADDR O 


INIT 
SCTL 





VSS 

DAL 07 
DALO6 | 
DAL 05 
DAL 04 
DAL 03 
DAL 02 
DAL 01 
DAL 00 
FPA FPE 
FPA RDY » 
vDD 

FPA STL 


PRDC 
STRB 
DY. 
ACK 


ABORT 
TOP VIEW 


__. Figure 2 « FPJ11 Pin Assignments 


Table 1 + FPJ11 Pin and Signal Summary 


“Input/Output 


- input/output 
input 


input 


input 


Definition/Function - 


Data lines—Transfer data, control, and status infor- 
mation between the DCJ11 and the FPJ11. 


Address input/output—Transfers control signals to 
indicate the type of DCJ11 cycle being performed. 


Address—The two least significant bits of the 


-- DCJ11 address used to determine the FPJ11 function 


_ during GP read and GP write cycles. 


Initialize—Initializes the FPJ11 and clears the float- 


_ing-point status register. 
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Pin Signal ——___Tnpur/Output 








202s SCTL input aint dia 
abort condition and clear the initialization condi 
tion. nae 2 wae 

i eee ee ee eee 

21 ABORT _ input | Abort—Indicates a noncompletion of the current 

FET ke cat cydetothe FYI, 

22 ACK input Acknowledge—Enables ths jaa stt of the FPJ11 
output data onto DAL< 15:00>. 

23 DV arama o'r Data valid—An asynchronous strobe from the sys- 





tem interface ‘used to latch input data during 





stretched reads and general purpose write cycles. °° 
24 STRB input _ Strobe—A timing signal from the DCJ11 used to 








latch the PR PRDC input ‘and to indicate the end of 

cycle. 
25 PRDC —.s input fare a that an instruction is being 
26 ALE input ess sare eT timing signal used to latch 


| Ace :0> and ADDR<1:0> inputs at oe 
to-high transition and to read cache data at high-to- 





low transition. | 
27 FPA OP output Floating-point accelerator operation—Asserted to 
eee _ inform the system interface of write a thar use 
FPJ11 data. | 
28 FPA STL output Floating-point accelerator stall—Used to stall the 
| ' operation « of the Doi through the DMR input. 





30 FPARDY | ce OMtpubegs oc oly. Floating-point | accelerator. ready—Indicates the 





FPJ11 output data is ready for transfer. 


31 FPA FPE output Floating-point accelerator floating-point excep- 
; lama to inform. the po of a floating- 





11 = TEST input = Test—Used hice aes test only. 
129: ‘Veg input Voltage—Power supply voltage. 
12,40 V6 input Ground—Ground reference. a 
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Data Lines , | | | ; : | 7 
Date lines (DAL < 15:00> )—These lines a are bidirectional l/O lines used for data communication 
with tbe Dejil.* ! : 


sage Control 
Clock (CLK)—Basic clock input to the FP 11. 


Address input/output (AIO <3:0>)—The AIO <3:0> lines indicate to the FPJ11 the type of V0 
cycle as described i in Table 2. 


Table 2 = FPY11 Address Input/ Output Code Assignments 
Cycle type - 


| 


‘Non-I/O microcycle (Non IO) 

General purpose read (GP Read) 

Not used 

Instruction stream read request (I Read egies) 
Read-modify-Write (RMW) 

Data stream read (D Read) 

Instruction stream read demand (I Read detnavid) 
‘Not used 

General purpose word write (GP Write) 

Not used — 

External word write (Write) 


‘ooo Ome Hine > : 


Ue gt ee pe es nN 


a 


MMM MOR MOR ORlS 


Xccither 1or0 


Address lines (ADDR < 1:0> )—The ADDR < 1:0> lines contain the two least significant bits of 
the DCJ11 address. They are used by the FPJ11 to decode the type of general purpose (GP) read and 
write cycles as described in Table 3. 


| Table 3 = FPJ11 GP Read and Write Address Code Assignments 
ADDR Line Cycle Function 


1 0 

GP Read cycle | eee. 

0 0 Read powerup options 

0 1 —__ Read data from the FPY11 

1 0 Read powerup options and clear floating-point status register 

1 1 Read floating-point exception code and clear floating-point exception signal 
GP Write Cycle 

1 1 Load data into the FPJ11 
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Address latch enable (ALE)—The low-to-high transition of this signal is used to latch the 
information from the AIO <3:0> and ADDR < 1:0> lines. The high-to-low transition is used to 
the latch cache-hit input data to the FPJ11. The polarity of this signal is inverted from ae DCjil 
output. 
Strobe (STRB)—The high-to-low transition of this signal indicates the | of a DCI pan 
During FPJ11 read cycles, the STRB signal indicates that data was loaded by either the ALE or DV 
signal. The low-to-high transition is used to sample the PRDC signal. The polarity of this signal is _ 
inverted from the DCJ11 output. 
Predecode (PRDC)—This signal indicates to > the bib that the DoJ. Ms is s initiating instruction 
decode. . A 
Stretch control (SCTL)—This eal enables the sampling al the’ ABORT li 
DCJ11 stretched I/O cycle. The low-to-high transition of S TL is also used after the negation of the 
INIT esas to clear the initialization condition. = 

| T)—This signal, if asserted with. the SCIL signal, indicates to the FPJ i that the 
current I/O ode will not be completed. 
Data valid (DV)—This signal is an asynchronous strobe from the system jnteeiace. The high. eo low 
transition of the DV signal is used to indicate that valid data is on the DAL< 15:00> lines. The DV 
signal is used by the FPJ11 to latch input data during GP write or stretched FPJ11 read cycles. _ 
Acknowledge (ACK)—This signal is used to enable the operation of the FPJ11 output drivers. The 
low to high transition of ACK indicates that se data has beet latched. The FPA RDY sera is 
then deasserted by the FPJ11. | 
Initialize (INIT) —This signal initializes tl a FPyil and clear the FPS register. The p ae of this 
signal is inverted from the DC] 11 input. : 














FPA setae (FPA OP) —This si nal is asserted by the FPJ11 to tdpeen the system eee that data 
for the next write cycle will be: provided by: the FPJ11: The FPA OP signal is valid by the assertion of 
the ALE signal for DCJ11 bus write cycles, It is also asserte during GP read cycles that read the 


system powerup options to indicate the presence of an FPJ 11 in the system. 


FPA stall (FPA STL)—This signal is asserted by the FPJ11 to stall the he DCJi1. It should be! OR gated 
into the DCJ11 DMR input. The system interface must assert the CONT signal to- the DCJ1l after 
the negation of FPA STL to restart the DCJ 11... 


FPA floating-point exception (FPA FPE)—This signal is aawestae by the FPJ11 to facia a the 
last completed floating-point instruction had caused an‘ exception. The system interface must 
assert the CONT signal to the DCJ11 without performing the bus write cycle. The FPA FPE signal is 
cleared by a GP read operation of the floating-point exception code cycle. This cycle is described in 
the architecture section. 

FPA ready (FPA RDY)—This signal is asserted by the FPA to indicate that putpur dani is ieee The 
ACK signal must be asserted from the system interface during GP read cycles before the FPJ11 will 
assert the FPA RDY signal. The FPA:.RDY signal may be asserted prior to ACK for write cycles. The 
low-to-high transition of ACK negates the FPA RDY signal. It mall not be reasserted until cial 
ues of the current write or GP read cycle. 
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ee ee 





TES ') This: signal is s reserved ean use. by the manufacturer Iti is pulled up > nerally to the 
inactive state. =. 

Power (V,»)—The 5-Vdce power aes 

Ground (Vas) —Ground pata 


Architecture Summary 


The FPJ11 architectural configuration, shown in Figure 3, contains six eddie 64. bit 
floating-point accumulators (ACO-ACOS), a floating-point status (FPS) register and a floating-point 
exception code (FEC) register. The FP11 architecture also includes a floating-point exception 
address (FEA) register that is implemented i in the DCJ i. 


The FPJ11 operates on single-precision (F) and double-precision (D) floating: -point, and 16- and 32- 
bit integer data. Single-precision format uses the 32 most significant bits of the floating-point 
accumulators and produces 8-decimal-digit precision. Double-precision format produces Uf- 














decimal- “digit aaa 
64-BIT _ tat a sh 
. ACCUMULATOR 
32-BIT | | FPP | poe 
ACCUMULATOR EXCEPTION erapiel.. /O BUS 


| REGISTER | REGISTER ‘| 


ACO 


AC1 


| CPU 


| PROCESSOR |. 
| STATUS 


1 CENTRAL 
PROCESSOR. 


AC2 





FLOATING POINT 







AC3 | ARITHMETIC 











ARITHMETIC. | 
~ AND : crane 

ate - CONVERSION CPU 

“ACS UNIT ~ GENERAL 


REGISTER = 


LTT 
W LEELA 


=i PROGRAM POINTER | 
INSTRUCTION 
CAUSING EXCEPTION | 






FLOATING POINT PROCESSOR 


af 
a [ t 
_j 


| ‘MEMORY, 


Figure 3* PP] 11 Arcitectura Configution 


aie Units | | 

The FPJ11 consists of two main functional units. The execution unit (EU) consists ét the dine 
exponent, and sign processors. The bus interface unit (BIU) controls all interface functions between 
the EU ahd DCJ11 system. Both units contain independent control sequencers that intetact to allow 


-possible:performance improvement through ue a fiat of the ne Seagate in: ee BIU and 


instruction execution in the EU. 


The BIU receives all instruction stream data and decodes instructions in ic with the DCJ11. 
Support microcode in the DCJ11 initiates all I/O cycles required by the FPJ11. On completion of the 
support microcode, the DCJ11 proceeds to the next instruction. Subsequent integer instructions 
can proceed without FPJ11 intervention. For subsequent load class floating-point instructions, the 
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BIU can support the overlap of operand data loading while the EU completes:execution of the 
previous instruction. For subsequent store class floating-point instruction, the DCJ11 proceeds to 
the bus write cycle and then waits for the FPJ11 to provide write data or to signal an exception by 
the FPA FPE input. 


Floating-point Data Formats 

A floating-point number may be defined as having the form (+ or —)(2*) x f, where K is an integer 
and f is a fraction. For a nonzero number, K and f.are determined by imposing the condition %2 + 
< £1. The fractional part (f) of the number is then normalized. For the number 0, f is assigned the 
value 0 and the value of K is indeterminate. 


The FPJ11 floating-point data formats are derived from this representation ‘for floating-point 
numbers. Two types of floating- “point data are provided, In single precision, or floating mode, the 
data is 32 bits long. In double Be or double mode, the data is 64 bits long. Sign magnitude 
notation is used. 





Nonzero Floating-point Numbers 

The fractional part (f) is assumed to be binary normalized, so that its. most significant.bit must be 1. 
This 1 is the hidden bit. It is not stored explicitly in the data word, but is restored ‘by the FPJ11 
before carrying out arithmetic ears The floating and double modes reserve 23 and 55 bits, 
respectively, for f. These bits, with the hidden bit, imply effective fractions of-24 bits and 56 bits. 


Eight bits are reserved for storage of the exponent K in excess-128 (200 octal) notation [i.e., 
K +200], giving a biased exponent. Thus, exponents from — 128 to + 127 are represented by 0 to 
377 (octal), or 0 to 255 (decimal). A biased exponent of 0 (the true exponent of — 200 octal), is 
reserved for floating-point 0. Therefore, exponents are restricted to the range of —127 to +127 
inclusive (— 177 to + 177 octal) or, in excess-200 notation, 1 to 377 octal. 


The remaining bit of the floating-point word is the sign bit. The number is negative if the sign 
bitisal, 





Floating-point Zero 

Because of the hidden bit, the fractional part is not sufficient to distinguish between 0 and nonzero 
numbers whose fractional part is exactly one-half; Therefore, the FPJ11 reserves a biased exponent 
of 0 for this purpose and any floating-point number with a biased exponent of 0 either traps or is 
treated as if it were an exact 0 in arithmetic operations. An exact or clean 0 is represented by a word 
whose bits are all zeros. A dirty 0 is a floating-point number with a biased exponent of 0 and a 
nonzero fractional part. An arithmetic operation fot which the resulting true exponent exceeds 177 
(octal) is regarded as producing a floating overflow; if the true exponent is less than — 177 (octal), 

the operation is regarded as producing a floating underflow. A biased exponent of 0 can occur from 
arithmetic operations as a special case of overflow (true exponetit = = 200 octal). 


Undefined Variable 

The undefined variable is any bit pattern with a sign bit of 1 and a biased exponent of 0. The term 
“undefined variable” is used to indicate that these bit patterns are not assigned a corresponding 
floating-point arithmetic value. The undefined variable is also referred to as —0. The FPJ11 
ensures that the undefined variable will not be stored as the result of any floating-point arithmetic 
instruction in a program that is run with the overflow and underflow interrupts disabled. This is 


achieved by storing an exact 0 on overflow and underflow if the corresponding interrupt is 
disabled. 
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Floating-point Data . : aples 
The single: and double-precision Hosting point data is 5 stored in memory as sihewii in Figure 4. 


F FORMAT, FLOATING-POINT SINGLE PRECISION 
15 


FRACTION <15:00> 





_ FRACT <22:16> 


| Single-precision (F) 


D FORMAT, FLOATING POINT DOUBLE PRECISION 
6 ; 


FRACTION <15:00> 
FRACTION <31:16> 


FRACTION <47:32> 





FRACT <54:48> _ 
S = SIGN OF FRACTION 


~ EXP = EXPONENT IN EXCESS 200 NOTATION, RESTRICTED TO 1 TO 377 OCTAL 
ae en Be FOR NONVANISHING NUMBERS. 


_ FRACTION = 23 BITS IN F FORMAT, 55 BITS IN D FORMAT. PLUS.ONE HIDDEN. 
‘BIT (NORMALIZATION). THE BINARY RADIX POINT IS TO THE LEFT. 


Double-precision (D) 


_ Figure 4+ FPJ11 Floating-point Data Formats. 
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eo ooRNTA RUROINI 





The FPJ11 provides for conversion of floating-point to integer format and integer format to 
floating-point format. The processor recognizes the 16-bit short integer (I), and the -bit long 
integer (L) shown in Figure 5. The numbers are in two’s complement format. = 


| FORMAT, SHORT-INTEGER SINGLE PRECISION ee eT eae ee 
1514 | , | ae 00 


NUMBER < 15:00 > 





L FORMAT, LONG-INTEGER DOUBLE PRECISION =—s 





_ Ss SIGN oF NUMBER a eres 
NUMBER = 15 BITS INI FORMAT, 31 BITS INL FORMAT. 





Floating-point Status Register 7 
The floating-point status register (FPS), shown i in Figure 6; 6)¢ contains three 
interrupt control bits, an error bit, and four conditic codes. "The FPS register'b 
Table 4: This register is cleared Seer ee eae 







_ FLOATING | : 
scone ee v4 san 

| INTERRUPTS MODES... ——_—__ FLOATING 
INTERRUPT 7 is CONDITION CODES 
CALE | 1 | 





«Figure 6 6 . ‘PP it Floatiositionas Seitis s Regier Format 
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FER (Floating errot) — This biti is set for one ca the following ia occurs. The serine 
of this bit is independent of the state of the FID ee Ces _ a the LDFPS 
instruction from the a 11. | 


1. a division by zero” 
2. an illegal opcode 


"3. a floating overflow and FIV (bit 09) = 





4. floating underflow occurs with FIU =" ‘ as 
5. an undefined variable is loaded and FIUV Vv (bit 11)=1 
6. a floating-to-integer conversion error and FIC (bit 08) =1 





13,12 


11:08 — ip haat 
___ Bit 11 FIUV (Floating interrupt on undefined variables) When set, an interrupt occurs if 


- FID (Floating interrupt disable) —When set, all floating-point interrupts are disabled. 
This occurs on an attempt to.divide by zero or by the detection of illegal opcode. 


RAZ (Read as zeros) 


_ Interrupts— Initiates i interrupt requests as 7 


FID (bit 09) is clear and a -0 is obtained from memory as an FIUV operand for an ADD, 
SUB, MUL, DIV, CMP, MOD, NEG, ABS, TST, or any LOAD instruction. The FPJ11 
performs an interrupt before the execution on all instructions. Note: The FPJ11 
instruction set is interrupted after the execution of NEG, ABS, and TST instructions. 
Bit 10 FIU (Floating interrupt on underflow)—When set and the FID (bit 14) is clear, a 
floating underflow will cause an interrupt. The fractional part of the result of the 
operation causing the interrupt will be correct. The biased exponent will be too large by a 
value of 400 (octal), except for the special case of 0 in which it is correct. If cleared and an 
underflow occurs, no interrupt occurs and the FPJ11 returns exact 0. 





. Bit 09 FIV (Floating interrupt on overflow)—When set, and FID ‘(bit 14) i is ay eke a 


or .. floating overflow will cause an interrupt. The fractional part of the result of the operation 


causing the overflow will be correct. The. biased exponent will be smaller by a value of 400 
(octal). 


Bit 08 FIC (Floating interrupt on integer conversion)—-When set and FID is cleared, an 


. error in the conversion to integer instruction. will cause.an interrupt. The FPJ11 returns 

» exact zero. When cleared, the exact zero:is returned on a conversion to integer error but 

““novinterrupt will occur. A floating-to-integer mode conversion’error occurs when-a result 
is not representable in the integer format specified by the FL (bit 06). 


07:05 Modes—Specifies the modes:as follows; = * 
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Bit 07 FD (Floating double precision)—Determines the precision that is ad fot floating- 
point calculations. When set, the double-precision mode is used. When cleared, the 
single-precision mode is used. 

Bit 06 FL (Floating long integer)—When set, the long integer format is used (32 bits). 
When cleared, the integer format is used (16 bits). 

Bit 05 FT (Floating chop)—When set, the result of an arithmetic operation is chopped 
(truncated). When cleared, the result is rounded. 
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ciate 7 Aidt con 








. dition anes pecifies the results of an operation « as’ follewessoc 

Bit 03 FN (Floating ieee 7 et — of be last tHoating point dpceatiin was 
negative. cea eae * : 

| Bit 02 FZ Floating zero) —Set if iste result alt of teh last floa ing- 


_ Bit 01.FV. (Floating overflow)—Set if ‘the last floating-point o} operation. sel i in, an 
exponent overflow. : : 







Bit 00 FC (Floating carry)—Set if the last floating-point instruction was a ‘conversion 
from double/floating to integer/long in which the result. was. not representable i 


| integer format a by F FL a. i t 06). | Fa 








One i interrupt vector is abe in DCjite systems a all Floating point ¢ robeicns eee 44), A 
code for the six possible error conditions is contained in the 4-bit floating exception code (FEC) 
register shown in Figure 7. Table 5 lists the code and error conditions. 





Bit Description 





As Floating overflow 





Floating. a seflie 4) 
Floating undefined ariabie 


2 
Ai iestl oxtt ca baa ) wig beste Sept. ca 
6 +... «.,Floating-to-integer or rdouble-o-integer conversion error. 
0 
2 
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A copy of the FEC register, which is updated during exception servicing, is located in the DCJ11. 
The address of the instruction producing the exception is stored in the floating exception address 
(FEA) register. The FEA register is located in the DCJ11 and updated by DCJ11 microcode. 
Therefore, the store status (STST) instruction does not require « an output from the FE] 11 and is 
executed entirely by the DCJil. 


The FEC and FEA registers are updated under the same ee that cause mi FER bit to be set. 
No instruction is provided for writing into the FEC and FEA registers. The FPJ11 does not assert 
the FPA FP E signal until after the next instruction decode. A store status (STST) instruction may 
not return new values of the FEC and FEA registers for the immediately preceding floating- -point 
instruction. 


Floatitig goat Iristiictiiei Advices 


Floating-point instructions use the same type of addressing as integer instructions. For addressing 
modes 1 to 7, a source or destination operand is specified by designating one of eight addressing 
modes and one of eight general registers. For addressing mode 0, floating-point operands are 
located in the specified floating-point accumulator (ACO-AC5). Integer operands are located in the 
general register file of the DCJ11 (RO-R7). Table 6 lists the addressing modes. . 


Table 6 = FPJ11 Addressing Modes 


Mode Description 
0 FSRC/FDST: ACO-AC5; Se eas RO-R7> 
1 Deferred 

2 Autoincrement 

3 Autoincrement-deferred 

4 Autoincrement 

5 Autoincrement-deferred. 

6 Indexed 

7 Indexed-deferred 


The autoincrement and autodecrement modes operate on increments and decrements of 4 for F 


format and 10 (octal) for D format. In mode 0, users can make use of all six floating-point 
accumulators (ACO-AC5) as their source or destination. Specifying floating-point accumulators 
AC6 or AC7 will result in an illegal opcode trap. In all other modes that involve transfer of data to or 
from memory or the general registers, users are restricted to the first four floating-point 
accumulators (ACO-AC3). When reading or writing a floating-point number to or from memory, the 
low memory word contains the most significant word of the floating- ‘point number, and the high 
memory word contains the least senieeet = : 
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A - | | 
ive instruction or operation is regarded as “exact” if the result is identical to an inti) precision 
calculation involving the same operands. All arithmetic instructions treat an operand, whose 
biased exponent is 0, as an exact 0 unless FIUV (bit 10) of the FPS is set and the operand is —0. A 
zero operand implies that the result of an arithmetic instruction is exact except when the operand is 
the divisor for a DIV instruction. In division, if the divisor is 0, the result is undefined and an 
interrupt occurs if FID (bit 14) is cleared: 


For nonzero sie d ‘pbiht operands, the fractional part is inary normalized, Ie contains 24-bit 


ee bits are necessary and sithaeae for the ee cel case to assure he return af: a ee pped or 
rounded result identical to the corresponding infinite. — operation chopped or rounded to 
the specified word length. Thus, with two guard bits, a chopped tesult has an'error bound of one 
least significant bit (LSB); a rounded result has an error bound of one-half LSB. These error bounds 
are realized by the FPJ11 for all instructions. 


The occurrence of a floating-point overflow and underflow causes an error ont the result of 
the calculation cannot be correctly stored because the exponent is larger than the eight bits 
reserved for it. When an underflow occurs, replacement of the correct answer by 0 can resolve the 
problem for many ‘applications. This is performed by the FPJ11' if the underflow interrupt is 
disabled: The error incurred by this action is an absolute rather than a relative etror; it is bounded 
(in absolute value) by 2-%* (decimal). For the case of overf low, if the overt low i — is disabled, | 
the FPJ11 returns exact zero. | oa? tt 


The FIV (bit 10) and FIU (bit 9) of the FPS register provide users with an opportunity to nate 
corrections of an overflow or underflow condition. The FPJ11 stores the correct fractional part and 
the low eight bits of the biased exponent after’ floating overflow or underflow if the corresponding 
interrupt is enabled. The cause of the interrupt can be identified by examination of the floating 
overflow FV (bit 1) of the FPS register or the floating exception register (FEC). 


The biased exponent returned by the i instruction is related to the correct exponent. On: an overflow, 
it is smaller by 400 (octal) and on an underflow, if the biased i ci is O, it is correct. If the 
biased exponent is not 0, it is larger by 400 (octal). 


Users may rescale their variables using STEXP and LDEXPi instructions to continue a calculation. 

















Floating-point Instructions - oe 
Floating-point instructions operate on. either single- or dais -precision ‘numbers, doerabie’ on 
the status of the FD mode bit 7 in the FPS register. Simi larly, the FL mode bit determines whether 
32-bit or 16-bit integers are used in conversions between integer and floating 

The floating source (FSRC) and floating destination (FDST) use Baiting peiet iddeosaing cay 
while SRC and DST use CPU addressing mibdés. The FP instruction formats for single- and double- 
operand addressing are shown in Figure 8. : 3 








The six floating-point accumulators are er in numeric calculations sat in gee see jas 
transfers. The first four accumulators (ACO-AC3) ai are > also used for all data transfers between the 
FPJ11 and the general registers or memory. | 
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FSRC,FDST,SRC,DST 


15 «42 W 06 05. ; - 00 





FSRC, FDST, SRC, DST © 


~ =< QOC = OPCODE = 17 , oe 
_ FOC = FLOATING OPCODE 
+ AC = FLOATING POINT ACCUMULATOR (ACO-AC3) 
__FSRC AND FDST USE FPP ADDRESSING MODES — 
SRC AND DST USE CPU ADDRESSING MODES 


Figure 8 a * FPYAI Single and Double-operand Addressing Instruction Formats 


The i instruction set ioe the FP LL is listed in Table 7. A detailed description of each i instruction as 
well as specific comments on accuracy can be found in the DCJ11 Microprocessor User's Guide or the 
PDP-11 Architecture Handbook. The condition code. formats for Table 7 are: * = aad set | 
cleared, - =Not affected, 0=Cleared, 1=Set. eed doe 2 


“Table 7 FPyil Insteurtion Set 








Mnemonic | Opcode = Instruction cas waded FN FZ FV FC 
ABSD,ABSF 1706 fdst_  Makeabsolutedbyfl ££. .0 * 0 O| 
ADDD,ADDF 172adfsrc  Adddbfl.  . - |. * * * OQ. 
CFCC 170000 Copy conditioncodes eee tee BS 
CLRD,CLRF 1/04fdst ~«Cleardbyfl = = ~S~SO*=C~S<CSCSsdTSC 
CMPD,CMPF = 173(ac+4)fsrc Comparedbl/fl(toac) = ~~ ne iia gas ( 

DIVD,DIVF _174(ac+4)fsre_ Divide dbfl oes. 7 7 ois ee oh ae 0 

LDCDF, LDCFD 177(ac + 4)fsrc Load and convert dbl- fl/fl- dbl © aia Bee a |S 
LDCID, LDCIF — 177(ac)src | : Load and convert integer to ‘dbl/f ~ x (Oe 0. 
LDCLD,LDGLF_T77(edsre Lond and convert long integer to bUfl_ == 00 
LDD,LDF~ = 172(ac + 4)f src ‘Load dbl/fl eee “ae aa OS pee Oe 1 

LDEXP _ 176(ac-+ 4)src Load exponent . ead ogee _ - case 07 
LDFPS 1701 src Load FPJ11 program status —_- -—- —- — 
MODD,MODF 171(ac+4)fsrc Multiply andintegerizedbi/fl 8 * * * O| 
MULD,MULF I7l(ac)fscc  Multiplydb/fl tt it OU UF 
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Mnemonic Opcode eA é Instruction — ne ee eS FN FZ FV FC 





NEGD,NEGF 1707 fdst Negate dbl/fl rr nn a 





atlas 17001 - Set floatingdoublemode = 
SETF . —-170001_~=S—™s—s«‘Settfloatingmode ee 
SEPE G.semans- 170002 -_ Set mae riety ns oa. _ ; = ; 
STCDF, STCFD. -176(ac)fdst Store and convert from dbl/fl to dbl: +. * : ) 
SC eS eee eee 
STD,STF 1/4(acdfdst Stredbfl oo 2.2... —- — — — 
soar "owe_ewsegeoent_*_* oftiois | 
— Te | Saba bi/fl. : | i 

















The canbe of a bai ee iG and ootintied arictumnaege algorithn wides exc 
performance for the FPJ11. In addition, ir instruction overlap provides a sibelantial: inate 
gain in floating-point intensive code. The bus interface unit (BIU): supports the overlap.of operand. 
data loading for the next‘floating-point instruction while:the:execution unit (EU) completes the 
processing of the current instruction. The effective execution time of a owe plo instruction. 
in a DCJ11 system equals only the cycles : ed to « upp . 

waiting for the FPJ 11 to complete a previous flagein ng-point instruction. Therefore, o ) 
the FPJ11 instruction execution contributes to, the ane pig amexecutiontime. | 





















As a coprocessor, floating-point instruction execution can occur. simultanec “01 sly, with integer pie 
This overlap can be used effectively to reduce the execution time of code that interleaves floating. 
point and nonfloating-point i instructions. 


Table 8 lists. the cycle counts for. the most frequent ran lla ari ith | m : tic operations Cole time can be 
determined as twice theinput clock period... , 
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| Table 8= FPytl sisiieencen Execution Times Fst a 








Instruction | cae ae en ec Bb MHz 
ADDF/SUBF ee r/o 1.2 us 

Mile on = a cr nr ty 
DIVE 19 26 3.5 us 
ADDD/SUBD = 7 9 1.2us 

MULD ~ ates et IG a rn 26 ’ | 7 3.5 us | 
DIVD 35°: 5 60 os, - 


Interface _ | 
The FPJ11 supports a coprocessor interface with the DC} 11. All ae Pee are iaiviatsl be ich 
DCJ11. The AIO <3:0> and ADDR < 1:0> lines fully identify the type of bus cycle to the FPJ11. . 


The FPJ11 loads all instruction stream data into a prefetch buffer. The DCJ11 asserts the PRDC line 
when decoding instructions. PRDC is never asserted unless the prefetch buffer is valid. Floating- 
point instructions (opcode 15:12 = 17) begin execution in the FPJ11 in parallel with the DCJ11. 


For instructions requiring data from memory, the DCJ11 executes the bus cycles necessary to fetch 
the operands. The DCJ11 then continues to the next instruction after checking for a FPE from a 
previous FP instruction. For register mode instruction, the DCJ11 continues to the next instruction 
immediately after the FPE check. . 3 


The FPJ11 outputs data only sae store type instructions. Outeat Hee is sappligs te the EP] u 
during write cycles and GP read cycles as required. The FPJ11 may cancel an output cycle by 
asserting the FPA FFE signal if the acu ee instruction caused a aad poy 





exception. | 
The FPJ11 asserts the FE STL line when executing a a ewesee instruction that does not 


output data if the execution unit is still ill busy | with a previous instruction. The FPA STL signal is 
asserted before the DCJ11 test for the FPA FPE signal. 3 

The timing and system interface requirements for read, write, GP read, GP write, and the FPA stalls 
are described in the following sections. Refer to timing diagrams Figures 11 through 15. © 
AnSTF/D, STFPS, CFCC, or STEXP to memory instruction should be executed as the first floating- 
point store instruction after the powerup sequence to initialize the FPJ11. This initialization is 
performed automatically by all Digital software operating systems except MicroPower/Pascal.. 


Instruction or Data Reads 

The FPJ11 inputs read data on all instruction read cycles and data read cycles that are fetching FPA 
operands. Data is loaded at the high-to-low transition of the ALE signal for cache hits and again at 
the high-to-low transition of the DV signal for main memory reads. The FPJ11 uses the high-to-low 
transition of the STRB input to determine the end of the read cycle. It does not require cache hit/ 
miss information. The system interface read sequence is not altered by the presence of the FPJ11 in 
the system. If the ABORT signal is asserted during a demand read cycle, the FPJ11 will abort the 
present instruction. 


1-338 Confidential.and Proprietary 





The FPyI it asserts the a line prior to the Rae bak transition of the ALE signal = all DCJ u 
bus write cycles requiring data from the FPJ11. This informs the system interface that the write data 
is to be supplied by the FPJ11. The system interface can assert the ACK K signal immediately upon 
recognizing a FPJ11 write cycle. The assertion of ACK enables the FPJ11 output, drivers, 


The FPA RDY signal i is asserted to indicate that output. data i is read pb. be driven t DAL < 15: 00>. 
The FPA RDY signal will not be asserted prior to the low-to-! righ trar e STR: 
FPJ11 write. The system interface is required to wait for the FPA RDY signal L pelare contitining the 
bus write cycle. There is no required precedence between FPA RDY and ACK signals for bus write 
cycles. During GP read cycles, hov ne ACK signal before the 









yever, the system interface must drive tl 
FPJ11 will assert the FDA RDY signal. The FPJ11 output data i is. valid within, tony. time of. the 
assertion of the FPA RDY signal or within to, time of the assertion of the ACK signal, whic 
longer. After recognizing the the FPA RDY signal, the system interface latches the EPJ1, output d a 
and then deasserts the ACK line. The FPJ11 does not assure ae hold. time. oe the: ne egation of 
KCK. Upon detection of the low-to-high transition of ACK, the FPJ11. rt: 

The system interface completes the bus write cycle with the latch ned P11 output data and ; asserts 
the CONT signal to the DCJ11. If more than ox one word of output data is spate’, the se same e sequence 
repeats for — 16-bit tri of output eal — 
















The preie purpose GP) ee aa is sane by the Dc uu to a data cans a system 1 inaidfeoe 
register or the FPJ11. The ADDR < 1:0> bits are necessary for the FPJ11 to. “athe : the t ? 
GP read cycle being performed. The four types of GR read. cree that are 

are described in the following paragraphs. are - 


GP read powerup options. SADBR = < 1:0 >= =0)—Ds uri 
a ee OP 
configuration. es ‘i is ; 
GP read floating-point ca condition R- 
cycle of the floating-point condition c dis (FCC): or 16-bit dies ta, 
the DV and ACK signals and waits for the FPJ11 to assert the FPA RI DY: seeds K SK must be serine 
by the system interface before the FPJ11 will assert FPA RDY. Upon recognizing the FPA RDY 
signal, the system interface deasserts DV, strobing the FPJ11 output data into the DCJ11. Setup ar 
hold requirements with respect to the FPA RDY signal and ACK signal for FFI output as are 
identical for GP read and bus write cycles, After the data i is late ct red, ‘the system interface inay 
deassert ACK, causing FPJ11 output drivers to become a high impedance. will 
deassert FPA RDY. If FPA FPE is asserted instead of FPA RDY, iclicating a i floating-point exception, 
the FPJ11 will transfer a floating-point exception code. The system interface must still complete the 
bus cycle but the DCJ11 will not use the data. A subsequent GP read transaction to the FEC register 
will occur to read the register again and clear the exception condition. 

GP read powerup options and clear FPS register (ADDR < 1:0 > =2)—During the GP read cycle of 
powerup options and to clear the FPS register, the FPJ11 will assert the FPA OP signal, indicating 
the presence of the FPJ11 in the system configuration. The FPJ11 will also clear the FPS register. 
The G command in the ODT command language causes this cycle. 
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GP read floating-point exception code (ADDR < 1:0> = 3)—The GP read cycle of the floating- 
point exception code (FEC) operates in the same manner as the GP read of FCC or 16-bit data cycle. 
The FPJ11 deasserts the FPA FPE signal to ack cnowledge the servicing of the FPE at the Ken toni 
transition of STRB i input. 


GP write (ADDR <1:0> = 3)—The GP write aa with ADDR S t 0> =3isused by the DCJ11 to 
write mode 0 integer source data to the FPY11. Setup and hold requirements for the data with 
ane to DV is Sak Ge to _ ofa data read cycle. ° 


DCjit Stall a fbn | | 
The FPJ11 asserts the FPASTL signal when executing a flodtiiig: polit instruction shat does not 
transfer data if the EU is still busy with a previous instruction. This signal is asserted prior to the 
DCJ11 test for a floating-point exception. The FPA STL signal i is also asserted | to minimize DMA 
latency in a DCJ11 system. 


The FPA STL signal should be OR gated into the DCJ11 DMA request OM : (DMR) input. he system 
interface must assert the CONT CONT i input to the DCJ11 after the negation of FPA STL STL to restart eae 
execution in the DCJil. 


There are two cases when the FPJ11 will assert the FPASTL signal. The FPJ11 does not ‘maintain a 
copy of the virtual address of the executing instruction. Therefore, the DCJ 11 maintains the 
floating-point exception address register. The DCJ11 microinstruction sequence determines the 
extent to which floating-point instructions can be overlapped. The DCJ11 can be allowed to overlap 
execution of a subsequent instruction only up to a point of the floating-point exception check. The 
FPJ11 monitors DCJ11 microinstructions and ewes stalls the DCJ 11 while mili a maximum 
overlap. 


During FP] 11 load ioe instructions, hie: overlap allots the DCT: nm to Poot dita fet 
operations for a subsequent instruction before it is stalled by the FPJ11. The effect of load class 
overlap in floating-point intensive code is significant when much of the data is located in memofy. 


The FPJ11 also asserts the FPA FPA STL signal to limit the worst case DMA latency of the DCJ11 system. 
The system interface cannot service DMA requests while waiting for FPJ11 data within a write 
- cycle. The FPJ11 will assert this signal prior to the write cycle allowing the system interface to 
service DMA requests if FPJ11 output data will not be ready within worst case DMA latency time. 
This condition can occur only if the execution unit. is executing a previous MOD or DIVD 
instruction when the store instruction is decoded by the DCjil. oe : 


. System Configuration 


A typical DCJ11. system soe: hioar ae with the FPJ11 and cache memory is shown in Figure 9, Ina 
single bus system configuration, the ADDR<1:0> lines would be connected to DAL< 01: 00> 
pins, 
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MDAL <21:0>| : | a. ae na, SYSTEM BUS 





__ Figure 9+ FP]11 Typical System Configuration 


- Specifications 


The mechanical, electrical, and environmental Suisicteslaties and sp 


described in the following paragraphs. The test conditions for the electrical values a are as follows | 
unless specified otherwise. Wiss oy 











- Power supply voltage (Vpp): 5.0 V +0.2 V 





- Temperature range (T,): 0°C to 70°C 





~ Ground Wai 





The wy dimensions of the FEI 40-pin packages are contained in Ares dix E. 






Absolute Maximum Ratings 


Stresses greater than the. absolute maximum pigs may cause permanent d lam: ge to the device. | 





reliability of the device. 





= Power supply voltage (Vpp): 5 V +5% bette 
- Input voltage applied (V,,): -1.0V to7.0V _ 
: Power dissipation: 2.5 W 





- Operating temperature (T,): O°C to 70°C 








Confidential and Proprietar 1-341 











Recommended Operating Conditions _ 
= Power supply voltage (Vpp): 5 V +5% 


. = Temperature (T,) 0°C to 70°C 


de Electrical Characteristics 





The de electrical Pena of the FYI for the operating voltage isd temperature ranges 


specified are listed in Table 9. - 


Table 9 = FP} 11 de Input and Output Parameters 


Symbol ~ Parameter 


Vu ——s- High-level 
ee input voltage 
input voltage — 
Vi Low-level 
input voltage 
View High-level 
output voltage 
Vea Low-level 
output voltage 
| Input-low 
leakage current 
leakage current 
| Low three-state 
: leakage current 
Tozu High three-state 
leakage current 
| a TEST short 
circuit current 
Ipp Power supply 
- current — 
Cax* CLK capacitance 
cs Input capacitance 
C..*.... Output capacitance 
Cyo* I/O capacitance 


*T, =25° C; Vop and V,,=0 V 
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Test Conditions —~ pila eaed 
a Min. Max. 
2.0 7.0 | 
2.4 7.0 
-1.0 0.8 
Ion =-1.0 mA 2.5 Ee 
V =5.0V — +10. 
Vina=O0V —_ +100 | 
TEST=0 V oo 
Vin=5.0 V — +100 
TEST=0V : 
TEST=0V 0.3 1.9 
- Vop=5.25 V | ae : 200 _ 
fo=1 MHz. All ee 50° 
unmeasured pins er aaes 
returnedtoGND =v __ 50 
— 10 
ahaha: | eis 


Units 









_ H Ke 4 


"Figure 10+* FP]11 Clock ‘pu Timing 


Figures 11 through 15 show the signal timing and: symb Is eee _ ‘allo wing 7 floating-point 
accelerator operation are shown in Figure 11. Figure 12 shows the timing sequence during FPA stall 
conditions. Figure 13 shows a read and cache hit transaction. Figure 14 shows a general purpose 
write and stretched read transaction. Figure 15 shows a write operation with the RDY signal 
asserted before the assertion of the stretch control (SCTL) signal and a write and general purpose 
read operation with the system interface waiting for the RDY signal from the FPY11. 


The timing denial and parameter definitions for the cla are listed in Table 10. The following 
specifications apply: . | | , | 
: All timing parameters values are in nanoseconds (ns). 








« The ac charactecistics at are e for a 100 pF capacitive load: at t the ourputs 


mien 








Symbol Definition 7 : Requirements (ns) 
tice Acknowledge response 60 
tens Cache data hold 7 —_ 
tcp Clock fall time — 15 
tain Clock high width T/2-3 ~~ 
teres Clock low width T/2-3 — 
ts Clock rise time — 15 
teyc Clock cycle T _ 
toe Delay time FPA STL, FPA OP a 2T 
tor Assert time FPA FPE, FPA RDY — 50 
tack DV fall time —_ 20 
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DCJ11 





Symbol _ Definition 








tom ~~» -dDVdataholdtime =~ a ee 
thise DV pulse width 50 _ 

tovr DV rise time | : — | ‘ — 20 

tisass Input data strobe to STRB or PRDC 4T/5 —_ 

tins Input data setup time es 40 — 

fs Input hold time ; : 25 — 

io | Input setup time - | | ; T/2 — 
tens Last read delay to FPA STL —_ 3T/2 
topx Output data hold time 0 —_ 
toov -—-—S—sOutputdatavalidfromFPARDY = = —  — 90 
tox. .  OutputdatavalidfomACK ss ee 











MICRO INST epee ; et ADDRESS RELOCATE . 


FPA OP | \ / 
jo toy —m, 
STRB \ ) \ / \ / 


Figure 11 « FP]11 FPA Operation Timing 
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ENON 





DCJ14. om eT TE 
MICRO INST INSTRUCTION PREFETCH 


SPADE nee es nha, ea a nn is 


STRB 





FPASTL 


LATCH END STALL 
PRDC CYCLE DCJ 


CLK 





pcJ11 as 
MICRO INST ADDRESS RELOCATE 


STRB 





FPA STL 


. END STRB STALL 
CYCLE ASSERTED DCJ11 


FPA Stall after Overlap of Operand Fetch 


Figure 12 « FP]11 FPA Stall Condition Timing 


AlO<3:0> | | | / 
ADDR<1:0> | 


tis 
DAL <1:00> CD Ge ee CP 
ke-'ips | 






ALE 
“DMP —>| 


STRB | 
| ‘DMP 


PRDC 


LATCH LATCH DAL END 
AlO<3:0> DATA CYCLE 
ADDR<1:0> 


Figure 13 » FP]11 Read and Cache Hit Transaction Timing 
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CLK | 


Al0<3:0> 
ADDR<1:0> 


DAL<15:00> 


ALE 


STRB 


SCTL 


DV 


_ WATCH) _ a: LATCH 
AIO<3:0> eae oat DATA 
’ ADDR<1:0> 


Figure 14 = FP]11 GP Write and Stretched Read Transaction Timing © 
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END 
CYCLE 


eRe semen eannannnomtonerbonsreareKIAIAnnastnarsnes= 





Prelinginaty FPJi1 


CLK 


AlO<3:0> 
ADDR<1:0> 


DAL<15:00> 
ALE 

STRB 

SCTL 
FPAOP 


FPA RDY 


ACK 





LATCH 


AlO<3:0> ENABLE VALID 
ADDR<1:0> OUTPUT DATA 
SAMPLE FRAOP DRIVERS 


Writes with FPA RDY Asserted before SCTL 


CLK 





AIO<3:0> 


ALE 


STRB 








LATCH ENABLE VALID 
Nee OUTPUT DATA 
ADDR<1:0> DRIVERS 

SAMPLE FPAOP 


Writes and GP Read with System Interface Waiting for FPA RDY 


Figure 15 = FP]11 Write and GP Read Transaction Timing 
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- Basic PDP-11 instruction set (except for the 
MARK siniabesinin 





: Full Full namic memory support: 
! a cy namtic — 



















tion 


- Interrupts on four priority levels vith 1 5 
internally generated vectors ~" 





« Option of having the interrupt em: / .- 
vide the vector address | - 


= DMA arbitration 





It is available in two versions; one operute itch a maxim 

a liat so ,01) and one operates with a maximum clock fi MHz (part n no, 21-17311- 
wid memory. This includes 

timing ae denarii address, Tall cing I 

interrupt is oe using four ‘priority lev 


DAL <15:8> ‘y 





“| chock 
GENERATOR 


- xTLO are COUT 


Figure 1 1+ DCT11 een BEE eae 
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The DCT11 is a 40-pin microprocessor that functions with the input an output pa described . 
in the following a ge The ace pin pea auaiiiats are identified i in oo 2 and summarized — | 


in Table 1. 


1-7,9-17 


18 
19 


20 
21 
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DAL15 — 

DAL14 © 
DAL12 
“DALI 
DAL10 

~ DALOQ: © 

~ BGND — 
_ DALOB 


DALO7 | 


DALO6 © 
at agar 
DALO4 
DALO3 
+ DALO2 
_DALO1 
DALOO. 
_, DALO7 — 

PUP 
ann is 


pee 
Al7 
Al6 
AIS 
Al4 
— AB 
AID 
Al 
AIO 


CMOYHAUHFWN = 


CAS 


RAS 
R/WLB 
RWHB 

READY 

_SELO 


SELL 
XTLO 
- XTL 
COUT 





SRBRBRBNBBSERBRHRBABEES 


Figure 2» DCT Pin Assignments 


Table 1 = DCT 11 Pin and Signal Summary __ 


’ Signal i Input/Output Definition/Function _ 


DAL< 15:00> input/output Data/address lines—Multiplexed, bidirectional data 


BGND | input 


and address lines. - 


B Ground—A poaee reference for all DCT11 
signals. yy 


BCLR —_—s output “Bus clear—An initialization signal from the DCT11 


PUP input 


GND input 


to reset the system. 


Powerup—A signal to the DCT11 that starts the 
initialization process. 


- _Ground—A ground reference for all DCT 11 signals. 


COUT output Clock out—The clock output signal. 


LLM LL io 
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Pin Signal Input/Output Definition/Function 


Ze oCrEL ag Crystal input 1—External crystal connec 


internal oscillator ) 





23 a tee XTLO 79 - i. ei asas Crystal i input 0. Eastpal coal connection to o the 

| .... internal oscillator . = a 

24. SEL1 - ~ output. — Select. 1—Encoded wath rae SELO ine to indicate 
bts = ee ee ae ; —_ ving atin | 








- . write control. ce system. 


28 R/WLB output Read/write tay te “ety rae 
ees at ahs Be de write control to thé system. 








29 


RAS output Row address strobe—A system address strobe. 


dara s strobe- —An address and. c hip select 








31 PI =~—__ output Priority in The wiite, one aT request 
strobe. 


32-39 AI<7:0> .... input/output. - Address/Lnterrnnt: ‘hee dioislined, Gice. 
A<17:10>_ tional lines that transfer the dynamic memory 

address and receive all cies ineeeats ang DMA 

_ requests. | a ee, " 








AQ Yagi TS eae ERE? Voltige— Power sol vols 


Data Address and aaa Bus 

Data and address bus (DAL< 15:00> )—The data and address lines « are thet 
bidirectional lines used ‘to transfer address inforn ta. Durin: 

transaction, the system address is transferred first follc 
lines depends on the selection of the 8- or 16-bit mode: - splined toe ) 
Address and interrupt lines (AI< 7:0 >)—The address and interrupt lines are bidire 
multiplexed lines used to address dynamic random access memory (RAM) and | to 0 receive interrupt 
and direct memory access requests. At the beginning of the bus cycle, the address on lines 
AI<7:0> is the same as the address on the DAL bus. The information on the AI lines si ean on 
the selection of dynamic or static RAM : mode of tar ae Bat 
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- Bus Control 


Row and column address strobe. (RAZ at EAS) When ae RAM support is selected, a 
row address strobe (RAS) and column address strobe (CAS) signals are used to latch the row and 
column address of lines AI<7:0> into dynamic memory. If static mode is selected, the RAS 
output is used asa system address strobe. The CAS output can be used by the external logic in 
either static or dynamic mode, as a chip select enable signal. 

During read operations, the data on the data and address lines DAL < 15:00> is read d by the DCT1 
when the CAS signal is negated. During write operations, the negation of RAS: or CAS signals can 
be used to latch data into the system interface. 

Read/wite high byte and low-byte (R/WHB) and R/ WLB)—The ead and write high i and read 
and write low byte outputs specify the direction of the information transfer on the DAL< 15:0> 
lines during the input or output portion of a read or write bus cycle. The function and name of the 
tead and write lines depend on the selection of 8- or 16-bit data bus mode. | 

Select 1 and 0 (SEL1 and SEL0)—These lines are encoded by the DCTII to indicate the type si 
bus transaction that is being performed. — 


Ready (READY) —This line i is asserted by er logic t to en the current bus cele 





System | Control : , ; 

Bus clear (BCLR)—The bus clear line is asserted by the processor during the powerup sequence 
and during the PDP-11 RESET instruction. The DAL< 15:8> and DAL< 1:0> lines receive the 
mode register information during the assertion of the BCLR se and the selected bits are loaded 
into the DCT11 mode register. 





Powerup (PUP)—The powerup signal resets the processor. When this signal is asserted, the DCT 11. 
stops all operation and an abatietization peducrice is executed when the signa is panes: 


Interrupt Control — ee 

Priority in (PI)—The priority in signal is used’ as hie system priority enable strobe. When the PI 
line is asserted, the AI< 7:0> lines receive interrupt inputs and the direct memory access request 
(DMR). This signal may also be used as a data strobe for read or write operations. 


Clock Signals 

Clock out (COUT)—The clock-out line provides a clock signal that is controlled by the selection of 
the mode register. This output can be one-half of the DCT11 oscillator frequency or a pulse asserted 
once during each internal microcycle. | 

Crystal-inputs (XTALO and XTAL1)—The ee Hae ce are ee eas connections. to 
the internal clock generator. A crystal or an external TTL-level clock generator may be used as.an 
input. When an external oscillator is used, it connects to the XTL1 input and the XTLO input 
connects to ground, — | : sh 3 


Power Supply Connections si errs 
Supply voltage (Vec)—Connects to the 5 Vde power supply... 


Ground and B Ground (GND and BGND)—These ground. pins ae ee ouethen and t to the system 
ground to provide ground references for all lines of the DCT 11. 
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The DCT11 microprocessor contains eight 16 é-bit general purpose registers, a processor status 
register, and a mode register. These registers, except for the mode register, are accessible to the 
system programmer for developing application programs and to the user for i checking the validity 
of ja aia aac for: ee maintenance erbshictions. 





soiniers ‘fee eaeiiite pray sof vie seoblsttan oop sald 5 


Registers R6 and R7 are dedicated. R6 operates as rhe wack peinier 2 (SP) as stores: bie location 
(address) of the last entry in the hardware stack. Register R7 operates.as the processor program 
counter (PC) and stores the address of the next instruction or nee -be seed “7 


GENERAL REGISTERS = F- 


STACK POINTER 


PROGRAM COUNTER 





Figure 3» DGTH General Purpose Registers... 


Processor Status Register 

The processor status register contains the processor status word (PSW) consisting of condition 
codes, trap bit, and current processor priority. The processor status fs Reaister format is shown i in 
Figure 4. ‘Table 2 lists the functions of the register information. © gre! 





15 14 +13 «12 «+11 «10 08 08 O07. 06 05 04 93 02 1 00 





Figure 4 = DCT11 Processor Status Register Format 
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Table 2 = DCT 11 Processor Status a wsieal aid _ 





Bit = §*Description | 


07-05 Priority | level bits used by the software to determine which interrupt will be serviced. 





04 The trace bit used in debugging programs. During a trap or interrupt operation, the 
trace bit can be set or cleared when returning from the interrupt by using a Return 
from Interrrupt (RTI) or Return from Trap (RTT) instruction. _ 


03-00 § The condition codes contain information about the result of the last G CPU aac or 
logical instructions. The bits are as follows: 3 ; 


N=1 The result was negative. — 
: os 1 The result was 0. : | aks 
= 1 The operation resulted in an grithdietic sien loan: 
ae 11 The operand resulted in a carry from the most significant bit or a 1 was shifted 
from the most significant bit or least significant bit. 


Mode Register 

The 16-bit mode register (MR) is used to program many of the DCT 11 features. The mode register 
bit format is shown in Figure 5. This register must be loaded by the external hardware during the 
powerup sequence. It may be reloaded when a RESET instruction is executed; however, changing 
processor modes after the powerup sequence has occurred is not recommended. Table 3 lists the 
functions of the register information. 






1 3 07° 06 «05 «#4204 «©030~=—CO2sti«istéi 
| USER|B BIT AWG Kj] STAT DELAY} > . STD |PROC 


"is 5*DCTI1 Mode Register Format — 








es Table 3 DCT Mode Register Description 





Bit Description 

15-13 Start or restart address. 

12 User or tester mode. 

MN © 6... 8-bit or 16-bit data bus. . 

0 ©. ©. 4K/16K or 64K chip memory. 

09 © s&s. Staticor dynamic memory: ~ 

08 Delay or normal read or write strobes 
07-02 Not used. 

01 Standard or long dean 

00 Processor or constant mode clock. 
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Start/Restart 








(bits 15:13) Address 
7 172000 172004 

: 173000, 173004 

7 000000 000004 

i 010000 010004 

3 020000 020004 

1 100000 yeaah cont 

: 140004 


140000 





Bus Openitiia: 


The following. oatagihe degsibe, the operation. of. the. pcr il 5 nemo 
execution of instructions. Each. PDP-11 La ac 


licr oprocessor es durina, the 
sists of ‘one or more transactions. A 








Choo SET 


= Write 


= Refresh 

- DMA (Direct memory access) 

- IACK (Interrupt acknowledge) _ 
« ASPI (Assert priority in) 


= NOP (No operation) 





Each transaction consists of one or two microcyeles sad a microcycle consists of three or four cycles 
of the basic oscillator. One internal r microinstruction is executed d for each acinar The number 
The standard microcycle mode uses hee clock eycles for most transactions. The long aimee 
mode uses four microcycles for all transactions. One microinstruction is executed during each 
microcycle. During a microinstruction, address information is transferred, data is transferred to 
and from the bus, and internal operations are performed. Four clock cycles are used during the 
REFRESH, IACK, DMA, and ASPI transactions. 


Read and Write Transactions 

During a read or write transaction, the microprocessor transfers address information, sends or 
receives data, and monitors interrupt and DMA requests. Read, write, and DMA operations are 
modified by the mode register during powerup. The use of control signals and the number of 
transactions required for each operation depends on the following selections. _ 
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= 4/16K or 64K a memory 


: 8- or 16-bit data bus operation 





A write transaction is preceded by a read transaction except when pena to the stack during an 
interrupt or trap operation. . 


Address Selection 


The address information is transferred on the DAL< 15:00 > and AI<7:0> lines depending on 
the type of operation. 


Dynamic Operation—The timing sequence for the 16-bit ave and write operation with dynamic 
memory is shown in Figure 6. The timing sequence for the 8-bit read or write operation with 
dynamic memory is shown in Figure 7. When dynamic RAM operation is selected, the address 
present on lines DAL<15:00> is time-multiplexed through the AI<7:0> outputs. The row. 
address and then the column address is transferred at the the beginning of a read or write transaction. — 
The row address is valid before the assertion of the RAS signal and the column ‘addtess is valid 
before the assertion of the CAS signal.’ The multiplexed address is the same address that is 
transferred by the DAL bus before the RAS signal occurs. Lines AI <7:0> are also used to transfer 
the internal refresh counter as a row address during the REFRESH transaction. — 





eomneraencneremecncec PLY READ TRANSACT 1O Nerney 


}-———-READ ADDRESS——efe——READ INPUT——e] - 


COUT 


Sem) mst (EE) 
oo INC SU DO 


w ay 





RAWLS 
R yee 
NORMAL = 
RAWLS 

, AAWHB 
DELAYED == 


SELO,SEL1 


| ADDRESS STROBES: ry » DATA STAOBE 


Read Sequence ; 


Figure 6 gs “ Deri 1 16-bit D Dyhashiie Read wind Write Timing oes ik 
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ne CPL WRITE TRANSACT | OQ Newmeeeeesnnrmemnmtgs 


jo—-WRITE ADDRESS ——ef>—— WRITE OUTPUT ——o} 


cout 
7 oneredti" © : 
3 A: aa 7 TN )) 
CAS 


Pi 


R/WLB 
_... RAWHB 
NORMAL 


R 
.. RANHB 
~ DELAYED J 


SELOSEL) 





ADDRESS STROBES DATA STROBES 


Write Sequence 


Figure 6» DCT11 Dynamic Read and Write Timing Sequence (Continued) 
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-—CPU READ TRANSACTION (LO BYTE PU READ TRANSACTION (HI BYTE} 
READ ADDRESS—*fe-——READ INPUT EAD ADDRESS—efe—READ INPUT 





cout 
acess 
CC A et (CAD 

Sam): Gm Ca (Camm) Ge 62 (((EHaaD)) 


cana 
: ances 







DAL <07:00> ye) Lo OF 






ina 


NORMAL SL 
1 
R 
wr 
RWB | 
SELO,SEL1 





DATA STROBE eee DATA STROBE 
ADDRESS STROBES ADDRESS STROBES 


Read Sequence 


Figure 7* DCT 11 8-bit Dynanic Read and Write Timing Sequence 
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emerson RUHR OU 
q sgh PEO RSM Heer DPD 





) WRITE TRANSACTION (LO BYTE}—sfe- WRITE TRANSACTION (Hi BYTE}—l 
RITE ADDRESS—*f+—WRITE OUTPUT RITE ADDR—*}o—WRITE OUTPUT 









_ HI BYTE OF Annes 
A<Un > 
RAS 
CAS 
PI 

RWB 
NORMAL 


Wt 
RMB 
DELAYED 

ited 
RWHB 


SELO,SEL1 


ADDRESS STROBES DATASTROBES ~“” ADDRESS STROBES 'DATA STROBES 


Figure 7+ DCT11 8-bit Dynanic Read and Write Timing Sequence (Continued) 


Static Operation—The timing sequence for the 16-bit read and write operation with static memory 
is shown in Figure 8. The timing sequence for the 8-bit read or write operation with static memory 
is shown in Figure 9. When static mode is selected, lines AI< 7:0> are used to receive interrupt 
and DMA requests and the address for static memory is on the DAL bus. The information on the AI 
lines should be valid when the PI signal is asserted. If the AI inputs change during the assertion of 
the PI signal, the results are unpredictable. 9 —s 
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merece PLY READ TRANSACTION scam 


fp READ ADDAESS—efo——READ INPUT—e]. 






rae OI 
mar DD) 


acces IK 
1 m5 













RW 
RAL 
NORMAL — 
~ RAWHB | w- 
DELAYED — . 
ADDRESSSTROBE ~~ DATA STROBE 


_ Read Sequence 


—CPU WRITE TRANSACTIO! 


cnn Noone 
f-—write aopress—*f-— waite ouTPUT——a| 





ree oe (() aa meet 
0 


pp 





R/WHE 
NORMAL 


nai It 
R/WHB 
- _ 

| { 


SELOSEL1 
ADDRESS STROBE DATA STROBES 


Write Sequence 


Figure 8=DCTI1 16-bit Static Read and Write Timing Sequence 
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CPU READ.TRANSACTION (LO BYTE | READ TRANSACTION (Hi BYTE) 
EAD rea a INPUT EAD a zs INPUT 


“COUT: 


pers | HIBYTEOF ADDRESS 












_ HIBYTE OF ADDRESS _. 





ater Ge ; > IN on Lot EY | 


AO__ 

R/AWHB 

NORMAL. 
RWHB 
DELAYED 


‘SELOSEL1-- 


ADDRESS STROBE oy DATA STROBE ADDRESS STROBE —....... DATASTROBE.. . 


__ Read Sequence 


) WRITE TRANSACTION (LO BYTE CPU WRITE TRANSACTION (HI BYTE) 
ITE ADDRESS~ofe—WRITE OUTPUT —efe-WRITE ADDRESS-ofe-—-WRITE OUTPUT —+} 


cor 


ae act Hi BYTE OF ADDRESS er 


DAL <07:01> 








HLBYTE OF ADDRESS 









( 
-ncrrsio> KKK « 
RAS 
CAS 
wr Pals | 
RWB j 
NORMAL rae 
wr Sh — | 
—— — 
AG 
RWHE 
ADDRESS STROBE DATA STROBES ADDRESS STROBE ‘DATA STROBES 
Write Sequence 


Figure 9» DCT11 8-bit Static Read and Write Timing Sequence 
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Address and Data, 16-bit Data Bus—During the 16-bit mode, shown in Figures 6 and 8, 


-DAL<05:00> contain the 16-bit address before the assertion of the RAS signal. During a read | 


cycle, the data must be valid during the assertion of the PI signal and remain valid until the 
negation of the CAS signal. During a write cycle, the data is transferred before the assertion of the 
PI signal and is valid after the negation of the PI signal. 


Address and Data, 8-bit Data Bus—During the 8-bit mode, shown in Fiau 10, two consecutive 
memory locations are used for one PDP-11 word. Two bus transactions are needed to fetch a PDP-11 
instruction or to read or write a 16-bit operand. The DAL < 15:08 > are renamed to SAL < 15:08 > 
(static address lines) and are used to transfer the upper byte of the current 16-bit address. 

SAL < 15:08 > signal lines are latched and valid until the end of the transaction. The timing of data 
relative to the CAS signal and to the PI signal lines is the same as for 16-bit mode read and write 
transactions. 


“ste (C[eeemome [ewe 
nom Came = EE 


ene 
Baa CCC CCC CC Ea CCC CCC CEES 


CAS 
PI 


Ro (R/WHB) 
NORMAL 


RG (R/WHB) 
DELAYED 


WT (R/WLB) . 


ADDRESS STROBE ADDRESS STROBE 


NOTE: 
1. SELO ASSERTED DURING INSTRUCTION 
FETCH AND ONLY FOR THE LO BYTE. 
2. SEL1 IS LOW DURING THIS TRANSACTION, 


Figure 10» DCTII 8-bit Read Transaction for 16-bit Word Timing Sequence 
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For an 8-bit mode instruction fetch or for:operations on 16-bit data, the SAL< 15:08> lines 
contain the upper byte of the current 16-bit address and DAL<07:00> contain the lower byte of 
the address. As in 16-bit mode, the address is valid before the assertion of the RAS signal. The low 
byte of the word is then transferred in or out during the data part of the transaction. The 
DAL<07:00> outputs then the low byte of the word address + 1, and the high byte of the 16-bit 
word is transferred. When dynamic RAM support is selected, the adress on DAL<15:00> is 


multiplexed through the AI< 7:0> lines for each bus transaction. 
When a PDP-11 BYTE instruction is executed, on ly one bus transaction is seiaded to transfer the 


source or destination operands. To fetch ; any Resiviction a word operation is always used. 






Read and Write Control 
The DCT11 specifies the current bus transaction by the signals on the R/WHB and R/WLB (read/ 
write) lines which may be modified by the mode selections. 


Selection of normal read/write mode causes the R/WHB ‘atu RATS signals to be asserted before 
the RAS signal and is valid throughout the transaction. 

Selecting delayed read/write mode causes the R/WHB and-R/WLB signals to be asserted with the 
same timing as the CAS signal. — the 8- or 16-bit data busoperation changes the function of _ 
these lines. 


Read/Write and 16-bit Data Bus—Duri g 16 -bit ita me write transactions, Figures 6 and 8, the 
R/WHB and R/WLB signals indicate which byte of DAL<15:00> will contain valid write data. 
During a byte write transaction, all the DAL bus lines will contain information; however, the 
unused byte will be undefined. The valid write data is indicated by the read/write signals that is 
asserted low. When only one output is ‘asserted, the data is a byte operand. When the R/WHB line 
asserted, the valid data is on DAL<15:08>. and-when the R/WLB line is asserted, the valid data 
is on DAL<07:00>. When neither read/write line is low, a read operation occurs and 
DAL<05:00> are in a high-impedance condition during this operations. Byte swapping is 
performed within DCT 11 during read transactions. 


Read/Write and 8-bit Data Bus—Selecting 8-bit data bus mode, shown in Figure 7 and 9, changes 
the functions of the signals on the read/write lines. The.R/WHB line becomes a read signal when 


asserted low, and the R/WLB signal becomes a write signal when asserted low. The signal functions 















are as follows: 
16-Bit Data Bus 8-Bit Data Bus 
R/WHB (L= write operation) R/WHB (L=read operation) 
R/WLB (L= write operation) R/WLB (L= write operation) 
R/WHB (H = read operation) 


R/WLB (H = read operation) 
The functions of RD and WT signals are also affected by selecting normal or delayed read/write 
mode. Normal mode asserts the RD or WT signal before the leading edge of the RAS signal. These 
signals are valid for the complete transaction. In the delayed mode, the RD and WT signals have the 
same timing as the CAS signal. 
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Refresh—The dynamic memory of the system is automatically refreshed:every 2 milliseconds by a 
256-bit counter in the DCT 11. A saat transactichl, posaies in ioe gt 11, ‘acess a epauaagdad to ane 
transaction in progress~ ite verti orl so Lat ab | 


» After every other PDP-11 instruction fetch i in 16-bit mode. 
. After every PDP-11 instruction fetch in 8-bit mode... 


» When an additional refresh occurs for addressing ‘hedes 5,6, or7. ~ 





- When a refresh microcycle occurs twice during a trap instruction. 





DAL < 18:00:> 


KX 


REFRESH ADDRESS 











SELO 
4K/16K 
MODE 


as Figure 11 = DCT11 Refresh Transaction Timing Sequence 
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READY dada dala ite transactions. ‘Figure’ 2 io he READY. gal i timing: seijuenie: In 
addition to read and write transactions. the IACK and DMA transactions may’also be extended. 





READY NOTE 2. 
NOTE 5 
NOTES 


DAL < 18:08 > DATAIN 


ers a Hm MICROCYCLE SLIP een 

y —Y7] “wr.&oma—\\\V 
REQUEST REQUEST ssf 

\ OE ES ee ee, ieee 

MICROCYCLE ei IEA? 








Ae 1710+ 






NOTE 1 WAVEFORMS ARE DRAWN FOR reer Dynamic READ. xe vs x preieieane py econ) Ce 
2 READY WAVEFORM IS VALID FOR A u 


3 ~RAWLE RWHB ARE ASSERTED HI ianouencus THE TRANSACTION INVALID Dd con 7.ce She See esen ee 
CONDITIONAL — x 4 
4. SELOSEL 1 ARE ASSERTED LO THROUGHOUT THE TRANSACTION OUTPUT * one wend tne 


& THE READY PULSE MAY BE OBTAINED BY GATING COUT WITH A READY ENABLE SIGNAL VALID. Pome 
6 HOLDING READY PERMANENTLY LOW RESULTS IN ONE MICROCYCLE SLIP PER BUS TRANSACTION INPUT: 


Figure 12 * DCT11 READY Timing Bg 


Each assertion of the READY line causes the processor to add one microcycle to the current bus 
operation. The length of the microcycle depends on the selection of standard atiiaah a or 
long microcycle mode operation. The READY input must be pulsed low for each “‘wait” microcycle 
to be added. When more than one added microcycle is needed for slow devices, ‘the DCT il requires 
a READY signal transition from low to high and then to low. If the READY line is connected to 
ground, one microcycle slip will occur for each bus transaction. The RAS signal must be asserted for 
the READY signal to have any affect. 











Saye 






if en, the DCT asserts afc PI lence inteeragte and DMA meauestes can ‘ibe penne . nae DCT 
through the Al< 7:0> lines, The AI< 7:0>. lines,are normally set to a high level by internal pullup | 
circuits and must be driven low to cause an interrupt. If static mode is selected; these lines are used 
only as inputs and are kept high during t the address part of the. bus. cme, These lines peayice BE PF, 
HALT, CPO-CP3 interrupts and the DMR DMR request. _ | 
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Direct Memory Request—When the processor detects a direct memory access request on line 
AI<0>, it releases control of the DMA bus to the device that asserts the DMR line. The DMA bus 
consists of the DAL< 15:00 >, AI<7:0> and read/write lines. The DCT11 maintains control of all 
other signals. 

Interrupt Request— When one or more of the CPO-CP3 lines (AI < 4:1 >) are asserted during the 
assertion of the PI line, the processor detects an interrupt request. The CPO-CP3 inputs are 
encoded, allowing 15 interrupts divided among four maskable priority levels as described. The 
processor decodes these inputs and starts an interrupt acknowledge (LACK) bus transaction when 
the current instruction is completed. Each line is dedicated to a specific’ interrupt or DMA request 
as shown in Table 5. 


Table 5 - DCT Tabinapt Request Line Abid 


a] 


CP2 CPi CPO Priority Vector 
(al) = (AI2)—s((AT)  (AI4) Level Address 
Xx x * ae. > ae -HALT* | — 
X xXx Xx X PF* | 24 
L L L L 7 140 
L ds L H 7 144 
L | Pee H .L. 7 150 
| L H H 7 154 
L aw = oe iF L 6 100 
L H aie © H 6 104 
L H Hh 1, 6 110 
L H H H 6 114 
H L L H .o 124 
H LE H OL 5 130 
H L H H 5 134 
H H L L 4 60 
H H sae IF H 4 (64. 
H H H H No action | 


*HALT and PF signals are Gaanimackable interrupts. The HALT interrupt loads the PC with the 
restart address and the PSW with the value 340. | 


Vector Assignments— When the VEC line (AI5) is asserted during a priority interrupt and one or 
more of the CPO-CP3 lines are asserted, the processor will accept an external vector value during an 
IACK transaction. If the VEC line is not asserted at the same time that an interrupt is requested, the 
processor will provide a vector address from an internal table. The vector value will be one of the 15 
assigned to each CP interrupt code. Four interrupt vectors are assigned to each priority level 7, 6, 
and 5 and three interrupt vectors are assigned to level 4 as indicated in Table 5. i 


Powerfail—A powerfail hardware interrupt that vectors through location 24 occurs if the PF signal 
is asserted on line AI6 when the PI signal is asserted. This interrupt is nonmaskable and is 
processed regardless of the current interrupt priority level. 
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t—The HALT interrupt request, assigned to line AI7,,is a nonmaskable interrupt that has a 
higher priority than powerfail. After saving the current program counter and processor status 
values, the processor will set the priority to 340 and jump to the restart address. The restart address 
is selected during powerup when the mode register is loaded. The HALT input is pseudo-edge 
triggered and must be read as a negation before another assertion is accepted by the processor. _ 


Direct Memory Access—The DCT11 provides a direct, memory access (DMA) interface that can be 
connected to single-channel or multiple-channel DMA circuits. Requests for DMA are through the 
direct memory request DMR input on line AIO. A dire memory grant (DMG) will occur after 
internal arbitration. The processor completes the current bus transaction and relinquishes bus 
mastership. Figure 13 shows the timing sequence of the DMA transaction. 





SINGLE DIA TRANSACTION wemeccmnccecnnnteeneeneneeenenenm 


couT* 


DAL <15:00> THREE STATED 
| 


(LOW CURRENT PULLUP) | 
aos eS Te Ty oe 


RAS 


CAS 


- (LOW CURRENT PULLUP)_ ee 


cmon me ION 


R/WHB 
RAVE 





DMG 
(SELO) 


OMG 
(SELN) 


_ “PULSE MODE CLOCK (MODE REGISTER<O>=1 


Figure 13» DCT11 DMA Timing Sequence | 


The new bus master gains control of the bus when the SELO and SEL1 signals are asserted. When a 
DMG (SELO and SEL1 are both high) is received, the bus master must take control of the DMA bus. 
The DMA bus consists of the R/WHB and R/WLB lines (RD and WT in 8-bit mode), the 
AI<7:0>, and the DAL< 15:00> lines. The AI<7:0> and read/write lines are asserted through 
low-current pullup circuits and DAL< 15:00> are in a high-impedance condition during the DMA 
transfer. The processor maintains control over RAS, CAS, PI, COUT, SELO, and SEL1 lines to 
provides the new bus master with convenient timing signals for interfacing to dynamic memories. 
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The bus master must control the read and write functions, provide addresses, and be capable of 


driving or receiving data. In dynamic memory systems, an address must be mepenea6 on lines 
AI<7:0> so that row and column addresses are provided at the correct times. Pa 


When a data i input or output transfer occurs, the direction of the transfer is controlled by the state 
of the read and write lines. The DCT11 continues to issue grants by asserting the DMG signal until 
the DMR signal is not asserted. The DCT 11 then continues its usual operation: _ 


Because the DCT11 controls refresh operations based on the number of transactions needed to 
execute the PDP. il instruction set, consecutive DMA operations are not recommended. naa 


Interrupt Operation 

The DCT11 uses a vectored, multilevel interrupt structure. Four priority levels are onthe by the 
upper three bits of the processor status register. The two types of interrupts are maskable and 
nonmaskable. 


Maskable interrupts are requested by an external device on the coded priority inputs lines CPO- 
CP3. These requests will interrupt the processor operation _according to to the priority level of 
interrupt codes 0 through 15. The nonmaskable interrupts are HALT and PF which are not masked 
by the processor priority. 


Interrupts are received on the CPO-CP3 lines when the PI signal is eect The processor 
completes all bus transactions in the current PDP-11 instruction before servicing the interrupt. 


Interrupts are latched in the processor during read transactions. The DMR inputs are latched 
during read or write transactions. The PI line must be asserted to latch either DMR or interrupts. 


Each CP code is connected with a vector address in the DCT11. A PDP-11 vector consists of two 
consecutive memory locations. Vector locations are in low memory (0-376) and must be assigned by 
software. The first location must contain the address of the first instruction of the interrupt service 
routine. The second location contains the new processor status word. The device causing the 
interrupt may provide a vector address. When it asserts the interrupt request code, it also asserts 
the VEC signal on line AI5 to indicate that an external vector is present. If the VEC signal is not 
asserted, the DCT11 provides a predetermined vector. 


Interrupt Acknowledge Transaction 

The interrupt acknowledge (IACK) transaction, shown in Figure 14, starts when the current 
instruction has been completed. The priority is compared with the value in the processor status 
register PSR. If the interrupting device’s code has a higher priority than the present PSR value, the 
interrupt request is serviced. The SELO and SEL1 lines indicate that the current bus transaction is 
an IACK. The RAS signal is the only timing strobe asserted during IACK. When it is asserted, 
DAL < 15:08 > (SAL< 15:08 > in 8-bit bus mode) transfer the priority interrupt code that is being 
acknowledged as shown in Figure 15. The DAL<07:02> lines contain the vector input if the VEC 
signal is asserted. 
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The current contents of the PSR are then placed on the hardwa 








= CCC == J) 


RAS 


~ INTERRUPT ACKNOWLEDGE DATA 


CAS 


PI 


-SELO 


ae | r asain. 2 ee Saas ars € 
1 7 i "1 248 4% en Be 
es 
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Ae 


SELI 


IACK DATA cig pict PYROTOR eco eter: 
VALID | i tee igs TORR 


Figure 14» DCT11 IACK Transaction Timing Sequence 


e stack. The program counter (PC) 


value at the time of the interrupt is then placed onto the stack. The PC is loaded with the address of 
the interrupt service routine from the vector location:and the new PS is loaded into the PS register 
from the vector location + 2. When completed, the service routine ends with an RTI (Return from 
interrupt) instruction that causes the PC and PSW values to be recovered from the stack and the 
processor will continue executing the interrupted program; aS er 


¥ 


INTERRUPT ica gingiaes) ae 
_ REQUEST | a INTERRUPT 
7 WaeKr 


ely 


_ (AIS). 
CPO “© DALI 
CPr 
(AIS) « 
CP2 
A) 


© DALIO 
DALog 


— serie 


(alt) 





Figure 15 = DCT 11 Interrupt Request/Acknowledge Lines 
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Assert Priority in Transaction  —_s_— 

During an assert priority. in (ASPI) transactions shown in Figure 16, 9, interrupts or DMA requests 
that are pending are allowed to compete for the DCT11. Only the CAS and PI lines are asserted 
during an ASPI transaction that occurs after a powerup caucus) HALT i instruction, halt interrupt, 
or WAIT instruction. 


CEE) 


RAS 


Pl. 


Figure 16» DCT11 ASPI Transaction Timing Sequence 


No Operation Bus Transaction 
During a no operation (NOP), a process does not occur at the outputs of the DCT11. The 
DAL<15:00> have previously latched data and the Al<7:0> lines are connected to pullup 
circuits during the static mode. The AI<7:0> lines are undefined in the dynamic mode and all 
controls signals are unasserted. 


Status Flags 

The SELO and SEL1 lines are processor status indicators. The type of transaction in process can be 
detected by decoding these lines. The signal timing of the these lines cia on the type of 
transaction. ‘Table 6 shows the — line assignments. 


Table 6 » DCT 11 Status Indicator Selection 


SEL1 SEL1 —_— Function 

L L ~~ Read or write, ASPI,? bus NOP, or FETCH? 
L H Instruction FETCH or REFRESH? © 

H L IACK (Interrupt Acknowledge) 

H H DMG (Direct Memory Grant) 


1ASPI (Assert Priority In) bus transactions check for interrupts during powerup and the PDP-11 
WAIT intructions. 

This code specifies a fetch operation when 4K/16K dynamic mode i is selected and AIO is asserted 
low during the assertion of the RAS signal. 

>This code specifies a fetch operation when static or 64K aa pares modes are selected, and a 
refresh bus cycle when 4K/16K and dynamic modes are selected. 
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In addition to the select line outputs, the AIO line indicates that an instruction fetch is in progress. 
This occurs before the assertion of the RAS signal when the 4K/16K chip dynamic RAM mode is 
selected. The AIO line may also be asserted during a refresh transaction. The AIO signal is 
— controlled by the most significant bit of the internal*refresh counter. The SELO and SEL1 signals 
can be used to verify that a refresh operation is in id Wheg 6 64K sa dyaamic RAMs are 
used, AIO i is the processor address bit ANS. 


Signal Line Summary a . | 
The following tables summarize the function of data and address bus control signal, and miscel- 
laneous signal information of the DCT11. aoe 


Bus Operation Summary—Table 7isa summary of the ae of the information contained on 
the lines DAL< 15:00 > and AI<7: :0> during bus operations. , 


| Table 7+ "DET Dad Ads Bos Summary 
Pin __ Line Function © 


1-7,9 DAL<15:08> 16-bit mode — 
7 SAL<15:08>  8-bit mode 
10-17, =DAL<07:00> 8- < or 16-bit a 





urin; 5 DMA and. asset priority (ASPI) transactions 
Contain sieviousty data during a NOP or refresh transaction. 


DAL<01:00> Read into the mode register on powerup or during the RESET 
; DAL< 15:08 > instruction. _ 


| DAL< 15:00> 








DAL<07:02>_ Input an; external vector ying the interrupting ‘device during | an 
interrupt acknowledge (IACK) transaction if the VEC signal was 





asserted during PI. 
DAL<12:08> Usedto output information er eoaipany on Al < <5: 1> during the IACK 
| transaction. 5 ssteiene 
AI<5:1> Used to transfer i interrupt request to the processor 
AIO Used to transfer a DMA request to the processor. 
AI<7:0> Used to transfer the row and column addresses from the processor 
AI5 Provides a control signal to indicate when an external vector is to be 
used. 
AI<7:0> Receives inputs in static mode and contains previously latched data 


in dynamic mode during NOP and IACK transactions. 


Confidential and Proprietary 1-371 





dvr SREDH GUNNA Snopemy 
ences venoN 








lines is listed in Tl Table 8. - 





errupt Lines—The : interrupt and oe information apr on the AI<7:0> 





‘Table 8 » DCT11 Address Line Functions 

All Modes 4K/16K Dynamic 64K Dynamic _ 
Pin Line @ PI RAS CAS RAS ‘CAS 
32 SAIO DMR FETREF* Al4. A154 
332A CBS ‘AL A2.—COALSsC“‘ité«AD 
34 AI2 CP2 A303 AA AB A4 
35 AI3 CPI AS AG A5 A6 
36 AI4 CPO AT AB A7 A8 
37 AIS VEC AS AIO - AD: A10 
38 AI6 PF All  Al2 All = Al2_ 
39 AI7 HALT AB A143 Al4 


*FET/REF AIO indicates a fetch or refresh operation in 4K] 16K dynamic mode. The encoded SELO 
and SEL1 lines determine which transaction is occurring. 


Line AIO specifies a fetch or refresh operation for a 4K/16K chip dynamic RAM mode. The SEL1 


SEL1 
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and SELO lines indicate which operation is in process'as listed in Table 9. 


Table 9=DCTI1 Dynaniic RAM I Select Line Pencions | 


SELO 
L 
re 


Transaction 
FETCH 
_ REFRESH 
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Control Signal Summary—A summary of the control signals is contained in Table 10. 


Table 10° DCT it Control = semen _ 
Pin Signal _*. Function | : : 
24 SEL1 _ ‘Transaction: select 1 

25 SELO —S_ Transaction select 0. 





26 READY Idle state select. 

29 RAS Row address select 

30 CAS _ Column address select 
31 PI Priority Interrupt 


R/WHB Read/Write high byte (16-bit) select 
RD - Read (8-bit) | 
R/WLB 


Read/Write low byte (8-bit) select 
WT Write (8-bit) 


bs.5 





aneous Signal Summary—A summary of the miscellaneous signals is listed in Table 11. 


Pin Signal ‘Function 
18 BCLR Bus clear 

19 PUP  _—sC&#Powerrup 

21 COUT Clock out 

22 XTL1 | | Crystal input 1 

23 XTLO “es Crystal input 2 











The powerup (PUP) input has a Schmitt trigger that senses transitions from low to high and has a 
low-current internal pulldown device that is always enabled: When the PUP input is forced high, all 
DCT11 operation stops. Figure 17 shows the signal timing for the powerup operation. The assertion 
of the PUP line causes the BCLR signal to be asserted. The BCLR signal enables the mode register to 
be loaded with the configuration information. When the processor detects a high to low transition 
on the PUP line, the powerup sequence starts. All information in the internal registers is undefined. 
The information on DAL<15:00> and AI<7:0> lines is also undefined. The control and 
miscellaneous signals are not asserted. An external 1k 1% resistor must be connected from BCLR 
input to ground to assure the correct operation. 
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REFRESH 20 (8-81T MODE) 
ic 10 (16-BIT MODE) 






A <17: 10> 


Figure 17 = DCT11 Powerup Timing Sequence 


Loading the Mode Register 

The DAL < 15:00> provide information to tous the mode register settings. Figure: 18 sigs the 
connections of the PUP line to allow the BCLR signal to load the DCT 11 mode register information. 
During the assertion of BCLR, DAL <02:00> and DAL< 15:08 > are connected to internal pullup 
circuits and are asserted unless driven low by the external signals. These lines contain the mode 
register information and DAL < 07:03 > are in a high-impedance condition at this time. The BCLR 
signal is asserted during the powerup sequence and when a RESET instruction is executed. The 
mode register will accept data during the assertion of the BCLR signal. 












| DAL <15:08>' | 
| DAL <01:00> f 


| ocTH 


| PUP 
RESET 


Figure 18* DCT11 Mode Register Loading Configuration 
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Refresh and No Operation 

The DCT11 mode information loded when the BCLR signal is negated. If dynamic RAM support 
has been selected, the refresh transactions will be executed to ensure the correct start for the 
dynamic RAMs. During 8-bit' data bus mode, 20 REFRESH transactions will be executed and, 
during 16-bit mode, ten refresh transactions will be executed. During static mode, a NOP (No 
operation) bus transaction will be executed. After the refresh or NOP transactions, one ASPI 
transaction is performed to determine if interrupts are pending. TI The ASPI transaction asserts CAS 
and PI signals and the refresh transaction asserts only the RAS signal. No control signals are 
asserted during a NOP transaction while performing internal ee ia | 





A read transaction. to the starting address follows the hen or NOP transaction. The first 
instruction fetch starts the DCT11 program operation. One of eight starting addresses. can be 
selected by the three most significant bits of the mode register. Each address has an associated 
restart location. The restart address is the first location to be executed when a HALT instruction is 
executed or a halt i interrupt is asserted. 





Clock Output_ 7 | 

The clock ouput (COUT) is a square wave ¢ controlled by bit 0 of the mode register as shown in 
Figure 19. Selecting constant clock mode produces a square-wave output at’a one-half of the 
internal oscillator or XTL1 input frequency. When processor clock mode (PEM) is selected, the 
COUT output provides a pulse once during each microcycle. No close timing relationship exists 
between the edges of the COUT signal and the internal oscillator or XTLI1 clock input. 





xTL1 








couT 
CONSTANT 
(MRO-0) | 





PMC | 
(MRO = 1) 


Figure 19» DCT11 Clock Output Timing Sequence 
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Performance Data 


Tables. 12 through 17 list the execution times. ae all DCTIL i instructions and: are eel to ceernin 
the total program exection time. The tables list the minimum and maximum execution time of an 
instruction in 16-bit and.8-bit mode of operation and with the memory. refresh function active (on) 
and not active (off). The possible system combinations are : 


= 16-bit mode with memory refresh on 
= 16-bit mode with memory refresh off 
« 8-bit mode with memory refresh on 


- 8-bit mode with memory refresh off 





With refresh on, the refresh cycle increases the execution time. The execution time of an 
instruction may also vary with memory refresh on. In 8-bit mode, refresh occurs every instruction 
cycle. In 16-bit mode, refresh occutr's every other cycle: Addressing modes 556, 7, ue an be sre 
increase the time for execution. 


The program execution time (PET) is calculated by totaling the average sei she of ite 

instruction used in the program. The following information i to == 12 —_ 1 a 

: All times are in microseconds, | 
Add 0.4 us for every READY pulse that occurs suting a eae or r write eansacton: - Bases 

« The operating frequency is 7.5 MHz. To compute the program execution time = PED for 
frequencies other than 7.5 MHz, the following equation is used. . 
PET =(7.5 MHz + Fop) x IET 


where IET is instruction execution time in microseconds om the tables and Fo is the operating 
frequency in MHz. 


Example: Calculate the program execution (PET) fora MOV, RO, R1 instruction when in the static, 
16-bit mode with memory refresh off. The operating frequency is 6.0 MHz. 


The MOV instruction is a double-operand instruction. The IET for the source operand and the 
destination operand i is listed in Table 13 and 14, respectively. | 


IET = source mode time + destination mode time= 1.2 us+0.4 ps= 1.6 us (cota. 
To calculate the program execution time: 
PET =(7.5 MHz+6.0 MHz) x (1.6 ps) =1.251.6=2.0 us | 
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‘Table 12. DCTil XOR and Single- operand Instruction Execution Time 
16-Bit Mode . §-Bit Mode 





REFRESH: SO SsCNCON OFF CON: OON (OFF ORF: 
Dest. ' Word Byte Word Byte 
Instructions* - ‘Mode Min. Max. | a ae Instr. Instr. Instr. Instr. 





£601 6. oss Ss Ae 
2.30 2.93 28  . 5:33 3.73 5.2 3.6 
2.80 2.93 2.8  *§33300 3.7352 3.6 
3.60 3.73 36 © 693 533 68 5.2 — 
3.20 3.33 3.2 © 5.73 413 5.6 4:0. 
413 4.26 40 7.46 586 7.2 5.6 
413 426 40 © 7.46 586 7.2 5.6 
493 5.06 48 9.06 7.46 8.8 12: 


160. 073 16 2.53 2.53 24 24 
QAO) 29320) Bids coo MAB! oo BBB Are FDO 
2.40 2.53 2.4 4.13 3.33 40 3.2 
3.20 3.33 3.2 5.73 493 56 4.8 
280 2.93 2.8 7:33 3.15 5.2 3.6 
BIS 386" 3.6527 826° 5.46” 6.0 --- 52 

453 466 44 786 706 76 68 — 


3.20 3.33 3.2 413.413 40 4.0 
400 413 40  .4.93.-.493 48 48. 
400 413 40 4.93 493 48 48 — 
480 493 4.8 653 653 64 64 

440 453 4.4 “59s 9.03 52°" "52" 

5.33 5.46 5.2 706 7.06 68 68 

5.33 «45.460 (527.067.0668 6.8 

613 626 60 866 866 84 8.4 


“The XOR nl ee ESE instruction execution times inglode i instructions fetch, instruction 
decode, operand fetch, instruction operation, and result output. In mode { 0 and the TSTB) 
instruction, there i is no output. 


CLR(B),COM(B), __ 

INC(B),DEC(B), 

NEG(B),ROR(B), 

~ ROL(B),ASR(B), 

ASL(B),SWAB, 

_ ADC(B),SBC(B), 
SXT,MFPS, 

XOR ‘ 

TST(B) | 





MTPS 


NDUARWNEOLTWAUAWNHROLURUAWNHHO 
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Table 13 «DCT 11 sinineaaail sacs Instruction Source: Mode Execution Time 


v 16-Bit Mode ia 8-Bit Mode 

REFRESH ~ : ON ON = ON ON OFF ON ON OFF OFF: 

an 2 an Dest. Dest. a 

4  Sre Mode (0-4) += Mode(5-7) “Word Byte Word Byte 
Instructions — Mode* Min. Max. Min. Max. Instr. Instr, Instr. Instr. 
MOV(B),CMP(B), E20) 1.33 31.33 61.33 2°. 9 2.13 2.131420 252.0: 
ADD,SUB, 2.00 2.13 *2:13 :2.13 2.0 3.43 2.93. 3365 6 (2.86 
BIT(B),BIC(B), 2.00 2.13 2.13 2.13 2.0 3.73 2.93 36> 5.2.8 5 
BIS(B) 2:80 2,93" «2.93: =293: 2.8 5.33 4.53 3:2 -. 4.4 


2.40 2.53 2.53 2.53 2.4 41d 3.33 2 AOe 3 ei a 
3.33 3.33 3.33 3.46 3.2 5.86 5.06 56 48 
292 9.93 9193 946 32 5.86 5.06 56 4.8 
41D. 413-4513 4.26 4.0 7.46 666 7.2 6.4 | 


*Source mode times include instruction fetch, instruction decode, ands source operand fetch. 


NAUBRWNH OF 


Table 14 - DCT 11 Double-operand Instruction Destination Mode Execution Time 


| -16-Bit Mode - 8-Bit Mode 

REFRESH | ON ON OFF ON ON OFF OFF 

| ee Dest. | Word Byte Word = Byte 

Instructions* | Mode = Min. Max. ~ Instr. Instr. Instr. Instr. 
MOV(B),ADD, 0 0.4 0.4 04 040 040 04 0.4 
SUB,BIC(B), — 1 1.6 16 1.6 2.40 1.6 2.4 1.6 
BIS(B) | 2 1.6 16 16 . 240 1.46 2.4 1.6 
3 2.4 24 2.4 4.00 3.20 4.0 3.2 
4 2.0 2.0 2.0 2.80 2.00 2.8 2.0 
5 2.8 28 28 4.53 3.73 4.4 3.6 
6 2.8 28 2B ASB MA 8 8. AA oe 3.6 

7 3.6 360. 2BR.6 oe 63 5.33 6.00 5.25: 

CMP(B),BIT(B) 0 0.4 0.4 0.4 040° 040 04 °&0.4 
1 1.2 1.2 1.2 2.00 1.20 2.0 1.2 
2 1.2 1.2 1.2 2.00 1.20 2.0 12 
3 2.0 2.0 2.0 3.60 2.80 3.6 2.8 
4 1.6 1.6 1.6 240 160 2.4 1.6 
5 2.4 2.4 2.4 413 3.33 4.0 3.2 
6 2.4 2.4 2.4 4.13 3.33 4.0 3.2 
7 3.2 3.2 3.2 5.73 4.93 5.6 4.8 


*Destination mode times include destination operand fetch, instruction operation, and result 
output. In destination mode 0 and the CMP(B) and BIT(B) instructions, there are no outputs. 
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Table coe DCTIL sialic Trap, and Interrupt Instruction Execution Time = 


a | |  16-Bit Mode - ~ 8-Bit Mode , 

REFRESH ; aa 5 | ON ON OFF ON ON OFF OFF 
Dest. a Word Byte Word Byte 

Instructions* Mode Min. Max. © Instr. Instr. Instr. Instr. 
BR,BNE,BEO,BPL, NA 1.60 1.73 1.6 2.53 NA 2.4 NA 
BMI,BVC,BVS,BCC, 7 | . eae | 
BCS,BGE,BLT,BGT, 
BLE,BHI,BLOS, — 
BHIS,BLO 








RMT =——t~=<“<i«‘“‘~“NASC*dS« O83 AB = 48 err 
RIT NA 440 453. 44. 7.43. NA+ 70. NA 


*1. Branch instruction execution times include instruction fetch, instruction decoding, doubling 
- the offset, testing the conditions, and adding the offset to the PC if the conditions are met. ‘Fhe 
execution times are not affected whether or not a branch is taken. : : 
2. Trap instruction execution times include instruction fetch, instruction decode, pushing the 
PSW and PC onto the stack, loading the PC with the contents of the vector location, and loading 
the PSW with the contents of the vector location plus two. 


3. Return from Interrupt instruction execution times include instruction fetich instruction 
decode, and removing:the PG information and PSW from the’stack. 





a 


~ Table 16 . DCT ik it Jump and: area Instruction Pain Time 


| i. ~~ 16-Bit Mode » 8-Bit Mode ~ ST ETy 
‘REFRESH ON ON OFF = ON. ON OFF OFF 
hicks tucenenne: Dest. — - Word’ Byte Word Byte 
Instructions* Mode Min. Max. | >" Instr. Instr. Instr Instr 


JMP £2.00 22:13 672.0 GES 2.9307) NAD 28) 7 0NAO 
2.40 2.53 2.4 413 NA 40 ~NA 
240-233 24 Oe 838 oo NA 32 IN 
stein DOB DOF ct Bias ot AO INA 2, AA ccO. 
8 QOS Biggio 2. gos tohiaeg3 NaC LAU NA 
B78 OR TROO BG 907 CHB 13 NAO eGiOie OUNA 


3.60 3.73 3.6 5.33 NA 5.2. NA 
400 4.13 40 (5.73 NA 5.6 NA 
400 4.13 40 © 653 NA © 64° NA 
400 413 40 © 5.73> NA 5.6 °° NA 
ORR SS AGS OCA AEE 2G: OF ONAL 6.8 ONA 
453 453 44 ~ ° 693 NA 68 NA 
533 85.33 5:2 8.53 NA 84 NA 








JSR 


1 
Z 
3 
a 
1 
2 > 
3 
4 
5° 
6 
7 
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_ REFRESH a» ON ON OFF. ..ON” ON OFF OFF 





| | Dest. a5 Word = Byte Word Byte 
Instructions* Mode Min. Max. ~~ Instr. Instr. Instr. Instr. 
RTS tat NAM 2,80 2.93 6 2B i 4 SB NA 44 NA 
SOB NA. 240 253 24 +5333 0°NA S32 NAL, 


*1. JMP/JSR destination mode 0 is an illegal instruction that traps to vector location 10. 


2. JMP execution times include instruction fetch, instruction decode, operand fetch, and feading 
- PC. i 


3. JSR execution times include instruction decode, ce fetch, pushing the nag register 
onto the stack, and loading the PC. 


4, RTS execution times inlude instruction fetch, instruction eee iin the PC, popping Sie 
stack, and loading the linkage register. : 


5. SOB execution times include instruction fetch, instruction decode, decrementing the count 
register, testing for zero, and branching, if necessary. The execution time is not affected whether 
or not a branch is taken. . : 


_ Table 17- DCT 11 Miscellaneous and Condition Code Instruction Execution Time 


 16-Bit Mode » 8-Bit Mode oo yes! 

REFRESH ON ON _ OFF ON ON OFF _ OFF 

Dest. Word Byte Word Byte 
Instructions* Mode Min. | Max. Instr. Instr. Instr. Instr. 
HALT NRE Ss: SIS 8 FBG EG ros ea BLAE o NA 1 8.0 NA 
WAIT NA 1.60 1.73 LG 2430 NA 2.4 NA 
RESET = NA. 14.60 14.73 146 16.53 NA 16.4 NA 
NOP “| NA 2.40 2.53 2.4 3.33 NA 3.2... NA 
CLC,CLV,CLZ,CLN, NA 2.40 2.53 24 | 3.33 NA 3.2. NA 
CCC,SEC,SEV,SEZ, | | 
SEN,SCC 
MFPT | NA 2.00 2,13 2.0 2.93 NA 2.8 NA 


*1.. The HALT instruction execution time includes instruction fetch, instruction decode, writing 
the PC information and PSW onto the stack, loading the PSW with 340, and wore the PC with 

the restart address. 
2. The WAIT instruction execution time includes instruction ieee: instruction decode, pulsing 
PI to sample the interrupt lines, and doing a REFRESH cycle if refresh is on. If no interrupt lines 
were sensed by the DCT 11 to be asserted during the PI pulse, the WAIT instruction will cycle in a 
1.2us loop pulsing PI. If refresh i in on, the loop will be 1. dass maximum. The looping will continue 
until an interrupt line is asserted and sensed by the DCT 11. 
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he R’ SSET execution time includes instruction fetch, instruction oe the assertion vised 
R, and th riting of DAL < 15:00> into the mode register. — | 


4. The NOP ‘execution time includes i instruction fetch, instruction oe and idle t time. 


5. Condition code (CC) i instruction execution time includes instruction fetch, instruction decode, 
and the setting or resetting of the appropriate status flags i in the PSW. 





The i interrupt cy is vpeaaieed fred het time ia the’ intern sa raegest “UROY% is a on the AI 
inputs until the time that the DCT11 is ready to fetch the first i instruction in the service routine. 


ei 20 shows the i Aptgereet latency parameters. 





FIRST INSTRUCTION. 
OF SERVICE 
ROUTINE 


LAST 
INSTRUCTION 


1IACK 
~ MICROCODE 





@-A--}e-— B-— —— C —— 


IACK 


‘ES iLiiGes eee 


Se 






Figure 20» DCT11 Interrupt Latency Meas: 





The processor continues to exect te instructions een the: request is Gah bye sae assertion of the 





then completed and the LACK K microcode i is 5 execute 
following operations are performed. — 


« Arbitrate priority. 
« Issue the IACK signal. 





- Generate vector or receive external vector. 





- Store processor status and program counter vaiibes 





=, ‘Load new processor status and program counter values 
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The: interrupt request: (IRQ). is; assumed to occur during..a PDP-11, Jump,,to, Subroutine (JSR) 
instruction (mode 2 or 4) or during anemulator trap (EMT) sequence which provides the maximum 
delay for an IRQ. The. maximum latencies. times assume that the DCT11 is in the,standard 
microcycle mode and the READY signal i is not asserted during the transaction. Table 18 lists the 
maximum latency times for the 16- and 8 -bit modes, during dynamic and static ic operation. | 





asad 18 . pe 11 8- and 16-bit Mode Latency Time (7.5 MHz) . 








16- -Bit Mode 8 Bit Mode © 
Active Inputs* , Mode Dynamic © Static Dynamic © Static — 
CPO-CP3,PEHALT _NA 15.47 15.20 22.13 21.60 
(Internal vector) _ 3 : 
VEC,CPO-CP3 ou NA ..__—:15.87. .-. 15.60 22.53 22.00 
(External vector) | 
DMR NA 3.66 3.52 4.46 4.32 
WAIT Instruction peers 
Internal vector NA 7.87 7.73 10.53 — 10.13 
External vector NA 827 142813 10.93 10.53 
DMR NA 1.66 1.66 179. 1.66 


*1. The latency time is in microseconds and the clock frequency is.7.5 MHz. 
2. Interrupt latency is calculated from the time the Interrupt Request is asserted either on the AI 
lines (in static modes) or on the input of the AI line driver (in dynamic modes) to the time the 
DCT11 is ready to fetch the first instruction in the i interrupt’s service routine. 
3. DMG latency is calculated from the time the DMR signal i is valid on the input of the AI line 
driver to the time the DCT 11 asserts the DMG signal. — 
4. The WAIT instruction latencies are the maximum pacar in he instruction’s execution 
state and do not include the instruction fetch or the instruction decode. 
5. The worst-case times refer to IRQ occurring during a JSR (mode 2 or 4) EMT sequence. 
6. The worst-case times refer to DMR R occurring during. a MTPS (mode 0) instruction. — | ae 
7. The timings assume that the DCT 11 is not in long bus cyele and no ready slips occur. Aeantien 


vt 


DMA Latency 7 
The maximum time between a DMA request and grant depends on ie DCT i Fade The : 
maximum time occurs during a Move byte to Processor. Status (MTPS) instruction itt mode 0 and 
is measured from the time that the DMR signal is valid on line AIO until the DCT11 asserts the 
DMG signal. TI The maximum latencies assume that the DCT 11 is in the standard microcycle mode 
and the READY signal is not asserted during a transaction. The maximum DMR latencies are listed 
in Table 18. 
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- Instruction Set 
Refer tod pendix B ee a complete list of the DCT1 microprocessor instruction set. 


Specifications, 


desctibed i in om sdivcier ota The test erendigaie for the clectsieul win are ‘as hollows 
unless specified differently in the tables. Refer to Digital specification A-PS-2 0000 2-GS for 
general information on the integrated circuits. 


« Power supply voltage (V;,): 5.0 +5% 
= Temperature range (T,): 0°C to 70°C 





: Relative humidity: 10% to 90% (noncondensing) 






ical Configuration 
The physical dimensions of the DCT11 ovine DIP are -Galithined in i K pendix E. 


Absolute Maximum Ratings 

Stresses greater than the absolute maximum ratings may cause permanent damage to ‘the device. 
Exposure to the absolute maximum. ratings for extended periods may waren Latina 
reliability of this device. 








= Pin voltage: -0.5 V to 7.0.V. 





= Power dissipation: . 1W (maximum) : at 0°C * 





- Ambient operating temperature: 0°C to 70°C 
= Storage temperature: -55°C to 125°C 
- Relative humidity: 10% to 95% inghcondediingy 





: Supply voltage (Veo): 5.0 ae +5% 


= Supply current (I,,): 190 mA (maximum) 





dc Electrical Characteristics 

The de electrical characteristics of the DCT11 for the operating voltage and penance ranges 
specified and with V,,=0 V are listed in Table 19. Refer to Appendix C ‘for test circuit 
configurations referenced in the tables. 
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aa onREADY, | a | 
DAL< b: 00> AI<7: 0>, 





High-level input‘ Vaio eet vee BiB tt Migr a Wigs ow C1,C2:'>: 
voltage for PUP eee y Pewee nc te eee lore) tp Peper rd pee perbge: | 
Low-level input Va -0.5*. 9 0.8.65) Mie vig C1625 
volfagéon READY, | ee er mee | e 
DAL < 15:00> ,AI< 7:0> 





Low-level input . | inienmo@O ON eiiOcharae Ve svatnekol G2 
voltage for PUP 

High-level Von Ign=-700HA. 24 tiCSsti‘ C(t‘: 
output voltage = | a aeeiaiiie ee: ee eee 
for DAL< 15:00>, 

COUT, PI, SEL, SELO ee 








| Vigiee ae (00 UA fe Gatiees cute a, wl: 
output voltage for weet ah te een 
AI<7:0> oe ee = 
High-level = ge Igge00HA 22 ee We Gh 
output voltagefor = ==—=—Ss—Ss«WTtermiinaatted aieg Sade Coameteciaing Be iuecs< 
BCLR 1kQ resistor to’ soae 

output voltage for se desea cee Gene _ ‘ i 
RAS, CAS, R/WLB, R/WHB 





Low-level ...- ie Iy=3.2mA OO | O40. | ns Hoe nee a 
output voltage for set boiler OO sy oscar was 
DAL < 15:00> ,AI<7: O>, 

COUT, PI, SEL1, SELO, 

BCLR, RAS, CAS, 

R/WLB, R/WHB 

Input capacitance Gece ue Bt ghey nt ham og, 200. CPB ae cee | 

for READY, Z 

DAL < 15:00>,AI<7:0> 





Output capaci- Cus = 20 pF 
tance for three- 

state load on 

DAL < 15:00>,AI<7:0>, 

COUT, PI, SEL1, SELO, 

BCLR, RAS, CAS, R/WHB 

R/WLB 
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current on DAL< 15: 00> 7 ‘ 





state a n 


current on DAL<b: 00> 





Mininium i input | Viw=2.4V -0.1  -1.0 mA C4 
current for 

internal pullups 

on AI<7:0>,READY 

DAL <02:00> ,DAL< 15:07> 


Maximum input In £6 Va=04V  -01 — mA C4 
current for wd ee ee a 
internal pullups 

on AI<7:0>,READY 

DAL<02:00> ,DAL< 15:07> 








current on Ve, : 
Highinptt = Tom _ 2. A<Vn< Vee, = 700 pA 
current on XTL1 oti) oy LO epoumeed: 92 Spd 6 BS) ek 








Low-input oo Tan 0.5<V,, 
urrent on XTL1 | i ae 


*-0. 5 volts on input pins allows for ringing on nunterminated lines. ohh SyL 














esa Characteristics DEW eal! pl BF ast 
The input and output signal timing for the DCT ii is shan in 1 Figuie 21 : htough 25. Most of the 
timing parameters listed in the tables apply to both the 7.5 MHz and 10 MHz versions of the 
DCT 11. Parameters that apply only to the 10 MHz version are indicated in the tables. Table 20 lists 
the timing parametets for the clock-input waveform shown in Figure 21. Table 21 lists the 
parameters for the powerup and reset timing shown in Figure 22. Table 22 lists the parameters for 
the refresh and interrupt acknowledge timing shown in Figure 23. The DMA timing parameters 
shown in Figure 24 are listed in Table 23. The timing parameters for the read, write, and ready 
signal, shown in Figure 25, are listed in Table 24. 


The following notes apply to Figures 22 through 25. 





« Timings are measured at the following output voltages: 


RAS,CAS,R/WLB,R/WHB Vor=0.8V = Vox=2.4V 
AI<7:0> Vo. =0.8 V Von= 2.2 V 
All others Vo.=0.8 V Vou = 2.0 V 


- Output timings are measured using a purely capacitive load of 80 pF. 
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+ Definitions and abbreviations: . 
—T=1/XTAL frequency. 
—(Le. = leading edge, (t.e. e ties edge ~ one 
—F,,=XTL1, XTLO internal oscillator operating bGiieney If an ab ceed TTL L clock i is sea, Fe 
minimum is 0 Hz (i.e., dc). Internal data will not be lost if the input clock is stopped at either a 
high or low level. The leading (low-to-high) edge of the clock starts the internal timing to 
produce an output signal (RAS, CAS, PI, etc.). The trailing (high-to-low) edge causes the signal. 
to be asserted at the pin of the DCT11. The delay from the edge of the i ee clock to tne wiley 
cn is not defined. 





tcH —--—»| ro —-—o| Pe 





_ Figure 21+ DCTI1 Clock Input Waveform 


“Table 20. peTil Clock ak Timing Parameters 


| nd ~ Me o TS MHZ 10 MHz sky 
Symbol Description Min. . Max. Min. Max. Units - 
(Fo,) | | Operating Frequency 3 0.1 SNS 6 Qa ee > BO: ces MH 2 
(teyc) Cycle Time 133 _ 100 ns 
toy and tg, Pulse Width 20 — 20 | gee DS 


tuandte,yi 2c Rispand Fal 0, me WO dO, BS ee 
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(POWER UP) 


BCLAY: _ : 
INSTRUCTION PE 4S 


DAL < 16:0 > 





"PEE 
o» *PBU 


2 q ! 


cas 


A “1710 > i : 


Rw 


SELI 


Symbol 








6 sa i ie ope i 


NOTES 


holt te Lie ch abscesses d 


ae 


Figure 22 * DCT11 Powerup and Reset Signal Timing 


Table 21 = DCT 11 Powerup and Reset Timi " 
Test Conditions* : 








tprr 

tpau 
tupp 
temu 
teac 


tame 


315T 
100T 


PUP(t.e.)to first instruction fetch 
PUP(t.e.)to BCLR(t.e) 

PUP with 

PUP(t.e.)to DAL, mode data, valid input ae 74T 
PUP(1.e.)to BCLR(1.e.) | | Ce — 100 ns 


BCLR(1.e.) to DAL, mode data valid, PDP-11 oa. 74T 
RESET instruction 








tacr 
ture 
teur 


trco 


BCLR width during a PDP-11 RESET instruction 
BCLR(t.e.) to DAL, mode data hold 0 ns = 
PUP(L.e.) to DAL, input float : — 250 ns 
PUP(t.e.) to COUT(L.e.) — T+60 ns 


*1, Low-current pullup circuits are provided by the DCT 11 on DAL< 02:00 >, DAL< 15:08> and 
AI<7:0> lines while the BCLR line is a serted. This occurs both during powerup and during the 
execution of a RESET instruction. (DAL2 is reserved for use by Digital Equipment Corporation.) 
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2. During a powerup sequence, the DCT 11 provides refresh cycles after the negation of the BCLR 
signal if dynamic RAM mode is selected. There are 20 refresh cycles in 8-bit mode and 10 in 16-bit 
mode. When-in static mode, these cycles become NOP.(no bus operation) cycles. The SELO and | 

SEL1.lines may indicate the presence of refresh cycles, depending « on the: setting of the mode. ., 
register. No REFRESH or NOP cycles occur after a reset instruction. _ 





3. During a powerup sequence, the first instruction fetch occurs at tem after the trailing edge of | 
the PUP signal. tees , | 
4. The DCT 11 executes an Assert Priority In ae to detect any interrupts 2 flowing a powerup 
sequence and after execution of reset instruction. 

5. The activity on the read, write and SELO lines depends on the setting of the mode register. 
6. After PUP (t.e.), the DCTI1 control signals RAS, CAS, PI, SELO-SEL1, and R/WHB, R/WLB — 
are not defined. Only the mode register input buffer should be allowed to assert data on the DAL — 


bus during the assertion of the BCLR signal. This i is | true for both powerup and execution of 
RESET instruction. 


7. After the PUP signal, the COUT signal is used, as processor mode clock. The COt COUT operation © 
then depends on the setting of mode register bit 0 during d the assertion of the BCLR R signal. 


8. t.e.= mtranting edge, l.e. = leading edge - 


eh 
me 
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DAL < 18:00> INDETERMINATE Fae pepe, Bay lees LE 
ee ar | 
A<17:0> ; | REFRESH ADDRESS =“ 
; TAHR 











TeER 





ee ee 






sibilities? weg : - ppsoeni Ph 





si i a il 













é 


 AREPRESH CYCLE coc. 


-*oco 


















: a an UG a nn ns 


oe 


INTERRUPT ACKNOWLEDGE ti 


sie oe 


AC 



















Coco COUT period, aa mode, a ey, a = 
IACK,andDMA cane een 


tase AI row address to RASiLe.), set up | ee eee 
toss RAS(t.e.) to Alrowaddresshold . T260ns — 
tsur RAS(t.e.) toSELO(t.e.) eT H223 ns 


——  T-80nst — 


trsp SELO width, REFRESH | | 4T-20ns — 
ae RAS(Le. ai come e.) D laapieacioneonasinaeiee | .. T-Ins — 


multiple = extensions ~ a | 


txsp SEL1 width, TACK” | —— eee 3T-6G6ns — 
tyer RAS(Le.) to RE 2s 1H aes ee Poe 7 ou T-103 ns 








tas SELI(Le.) set uptoRAS(e),IACK = =  —-‘T-63ns_ — 





tens RAS(t.e.) to DAL< 15:08> hold | eaaaiiie, tt ae 
ea eaten ati eneaeteneoms A 


tose DAL <15:08>, IACK data valid toRAS(le.) ——T-48 ns 


a RAS(l.e.) to vector, must be valid = — 2T-148 ns 
on DAL<07:02> o ithes, oe T-25 nst 

tess SELl(te.) to DAL<07:02> vectorhold Ons a 

*1. Assertion of the SELO line depends on mode selection of 4K/16K. 


2. Add T(ns) if in long microcycle mode. If READY slips are initiated, add H T(ns) where 

T=1 

H= ie of READY pulses multiplied by 3 for standard microcycle mode, multiplied by 4 for 
long microcycle mode. 

3. Violation of tyx will cause unpredictable results. 

4 t.e.=trailing edge, l.e. = leading edge 

+10 MHz version only 
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COUT 
_, PULSE MODE) 


on ae ; 
/ nga Q ge ey 





tuor RAS(Le.) to COUT(Le.) — 10 NS, wad : 4 gy : 
_— 0 nst 


tise Pl(l.e.) to AI as input, data must _ 2T-167 ns 
be valid 

tess Pl(t.e.) to AI, next address T-40ns a 

texe SEL1(1.e.) RAS(Le.) —-2T-63 ns | ee. 

= DMA bus(DAL,ALR/W) disableto Ons ae 
SELO(L.e.) | 

tusr SELO width, DMA 8T-38 ns a 

ne SELO(Le.) to SEL1(1.e.) Ons _ 

teva SEL1 recovery, ACK, DMA T act 

tise SEL1 width, DMA 7T-68 ns a 


ae COUT(t.e.) to CAS(Le.) T+10ns - 
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Symbol —_ Test Conditions* __ 
tos. CAS(t.e.) to DAL, next address _ 
tee ~RAStee) GS DAL, “next address 











ta RENAE) CASS), DMA. De 


tus RAS width, DMA cone Eb BS nem 





teas _ CAS width” eo -3T-90 ns a 
tm —‘Pite)toAasinputybold Ons 








tex ~~ CSc oPIe) ==, ~~ -T-28-ns 





tor Pl width. ee 2T-47 ns = 
eee "ac ..2T-37 nst—- een 


*1. Add T(ns) if in long microcycle mode. If the READY signal. slips are initiated, add H Tins) 
where 
T=1/Fop 
H=number of READY Y pulses cage es =] 3 = atten brea mode and multiplied by 4 
for long microcyclemode ....0 ...,..,, nimil BMG LT © hog 
2. Add 4T for each READY pulse. | os a ae ad alia 
3. Add 8T for each additional consecutive >DMA cycle. PO ne Te 7 
4. The DMA device asserts the DAL < 15:00 > line, AI<7: 0> tines. aid read st sprite signals, 
The DMA device is responsible for preventing three-state conflicts and for allowing t for p 
times required by their external circuits. __ 


5. t.e.=trailing edge, le. =leading edge _ 
' +10 MHz version only: 


nen n #3 
as ee 
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Rw 
(DELAYED) 


‘SELO 











a 
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Symbol Test Gonditions* ey A ee Min a oe Max. 


write ee eee 


tw COUT width when igh an T33ns 
tor RAS(Le.) to GOUT(Le)}. i le Ons 








tito ai ot ee | we went T1297 ns 





3T-125 ns 
_. 3T-100 nst 





tysr RAS(..e.) to RI x 





fae — mn ae a nye Se 
tysc St an | | 71-135 ns 








= rr er dm cp 
tryc CAS(t.c.) to RAS(t.e.) 50 ns re = 
tc ___RAS(Le.) toTAS(Le.) LI ee ee 





taup PI(t.e.) to RAS(t.e.) 10 ns wed a 
‘csp CAS(Le.) PI(Le.) T-28 ns ee 
Case AI row address to RAS(Le.), set up ‘Tas ns S —— 


“ge AI column address to CAS(1.e.), set 





tis PI(t.e.) to AI as input, hold Ons — 
oo RAS(L.e.) to AI row address hold T-60 ns _ 


tine CAS(Le.) to AI column address hold T-53 ns sass 


tise PI(l.e.) to AI as input, data must — 2T-167 ns 
be valid — T-90 nst 


te PI width 2T-47 ns 
2T-37 ns t 


fois PlI(t.e.) to AI, next address T-40 ns — 


tow; CAS(Le.) to DAL data valid, 80 ns mes 
write cycle 
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CAS(t.e.) to Pl(t.e.) 

RAS(t.e.) to DAL, next address 
valid 

DAL as address to RAS(L.e.), set up 
we _—-— DAL write data to PliLe. ), set up 
tom _-‘RAS(Le.) to DAL, address hold 
PI(t.e.) to DAL, write data hold 


















mode, R/W hold ey nt 


teric CAS(t.e.) to > DAL, read data hold ee ee aoe 











tiie R/W width, standard i micoopi 








tysr R/W(Le.) set up to RAS(Le.), 
standard mode : 


tree SELO(L.e.) to RAS(Le.), E23 ire 
instruction FETCH or ” 


tise R/W(Le.) to CAS(Le.), standard =. 2T-37ns _ 
meiceocyele fa mode | 











ae oe i 4 pe 





tesr 








When the ge eal is “asserted beloee the a doe of ‘i TES sana, it is internally 
activated by the leading edge of the RAS signal. 


4. A violation of tysz will cause unpredictable results. 


5. This timing parameter applies only to cases where multiple ready pulses are required, i.e., 
multiple cycle slips. 


6. If in delayed mode, the read and write lines have the same timing as the CAS signal. 











7 









uctio a fetch is is in 1 progress. The us of SELO.as the fetch 


psa is affected by L DCT11 mode selection. 


*te-= taling edge, Le. =leading edge —_ 
xe MHz version only senbbe a 


eidiales Techniques 


This section describes typical circuit Se aticos'l that . may. he au to interface the DTI. 
These examples should not be construed ¢ as ae and. recommendations. ° 


é haltagh Th By ‘ : ] 


Powerup Circuit - 
The circuit and veliase geal for the powerup function't is Pehown | in’ Figure 26. The sipacune 
value must be ‘greater than 0.04 pF andi is determined by the following: biles 9 


C=0.05 t,(ms) where eta is the rise time of the Vec supply voltage 





the execution vel, a RESET instruction and is used to tapater the information from the 1$244 IC to 
the mode, register on lines DAL< 01:00 >.and DAL < 15;08>.. The.input lines require an input 
only whet a low is required because the DCT11 poe palup circuits.on. these oss mben the 
BCR. Hens is asserted 
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The DCTiI od circuit is contsolbed external yy a crystal o TTL oscillator as shown in 








The TTL i input r must feoatcal to Aileen ane deren in Figure 21. The TTL input 
must conform to the signal specifications ted i in Table 20 = owns in Hagar 28. 


as es ‘ A Wy ; : chy 




















Interrupt and DMA ia 


The interrupt request Lena to apes DCT11.must be stable.to prev ent ieohe propagation of andefned 
states. The AI lines.require ari external.1.5.KQ_pullup resistor to assure stable operation. Figure 29 
shows a tion used for: ie purpose. . The pans ay between the CAS and PI signals (105 ns at 

























TACK* 
“TACK = (SEL 0 ¢ SEL 11+ (RAS) 
Figure 29 « per pica Inter and L DMA Request Circuit 
IACK Information Decoding 


Figure 30 shows a typical circuit used to decode the information from 15 interrupt devices. 


NOTE:;. bs Lowe 
TACK: 1 CHaheebonibe TO ALL tbs’ ASSERTED” ape 
ce 8 AT IRQ TIME (LEY ANTERNAL VECTOR 140). 
oe be _ | TACK 15 CORRESPONDS TO ONLY CPO ASSERTED 
IVT epi £5 wurerd oc svworie eran a1 MS Ey, INTERRUPT VECTOR, 70). 





ey, ge gm oth go ae pond , 
A del eMa PU 





* Flue 3 O« DCTI ' Typioa IACK eer Detadie Chreuit. ee 
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Preliminary - pcTu 





Figure 31 shows a typical circuit that enables the DCT11 to receive external vector information 
from a device on lines DAL<07:02> during an IACK transaction. The information is transferred 
when the VEC signal on line AI5 is asserted. 









GND 
RESULTING 
VECTOR** 
(34) DEV 3 IACK 
(54) DEV 21ACK . 
(64) DEV 1 IACK . 
(70) DEV 0 IACK 





*IACK = (SELO - SEL1) + (RAS) 3 
**CAN BE HARDWIRED IF A SINGLE EXTERNAL VECTOR INTERRUPT IS USED 





***USED ONLY WITH BOTH EXTERNAL AND INTERNAL VECTOR 
(IF EXTERNAL ONLY, USE IACK) 


Figure 31+ DCT11 Typical [ACK External Vector Circuit | | 


DMA requests to the DCT 11 can be generated by the circuit shown in Figure 32. The flip-flop is set - 
by the peripheral DMA request when the CAS signal is asserted provided that the word count 
overflow signal is not asserted. When the PI line is asserted, the request A10 is gated to the DCT11 
on line AI0. With the CAS signal asserted, the assertion of the transaction complete (TC) signal 
clears the flip-flop. The reset input during the powerup sequence will also clear the flip-flop. — 


Tc 
PERIPHERAL REQ (1) H 


CAS Alo 





Figure 32 » DCT11 Typical DMA Interface Request Circuit 
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- Section 2— Video Processors and Controllers 


Digital’s new generation of video chips can be used for terminals and display systems and include 
new display features for larger screen sizes, varable pitch fonts, re ct meee screen regions, and bit- 
map graphics generation. 

78680 Video Processor—The 78680 video processor (VIPER) is a 68-pin HMOS cerquad device that 
is used with the 78690 video control to provide high-speed parall 

including display refresh, window scrolling, and screen updates. It ales datai into and out of the 
bit-map memory planes according to the instructions issued by the 78690 video controller. 

78690 Video Control—The 78690 video control (ADDER) is an 84-pin ZMOS cerquad device used 
with the 78660 video processor to provide scan timing, system status generation, memory ssc 
generation for a video display refresh, and scroll and update operations. 

DC503 Programmable Videodisplay Cursor Logic—The DC503 is a 44-pin cerquad device used to 
display a cursor font on the CRT. The shape of the cursor is programmed into the DC503 thereby 
enabling the selection of various character shapes or icons to be used as the cursor. 
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. exe wide video serial tput _ 


“ Background fill on scroll 
« Barrel shifter to align and scroll data 





.. Two mask ane pid con = ait 


- 16 isgie’ functions toc 













- Two control store RAMs for source mS Scace sy desan noperations = 





- Data transfer in either X- or Z-mode 
—X-mode, one word = 16 pixels per plane 
—Z mode, one word = 16 planes per pixel: 








The 78680 video p cessor + (VIPER) i isa a darapais “chip that is used with the 78690 video control 
(Adder) chip to implement a high-performance, bit-map graphics system using a color or 
monochrome display. Figure 1 is a block ee of the video processor. on WE 








7 


BIT MAP MEMORY INTERFACE 7 
DATA BUS (D10<15:00>) 







eeiion } 
MODE LOGIC 







128/78 5 
RDWA | POT BUFFERS 
WO 

LTCLK CONTROL feneg Minoura 


SYNC 







Peal | . 
q ‘ivy 
[Fin carcn 
| AND DRIVERS | 
= FIN itor v4 : 
ADDR | INPUT FIFO} | dee ee bey 
Vycrae jexin feet | 
SOUNDARY | “ES 
| °e REGISTER a4 
MP FILE ; x) * 
resister LD fon) 








"INSTRUCTION DATABUS(ID<70>) 


CONTROL 








VIDEO = <30> 


FROM ‘| SYSTEM 
| 1 CONTROL J INTERFACE 


DISPLAY 
INTERFACE 


Figure 1 » 78680 Video Processor Block Diagram 
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- Pin and Signal Description 


connections rae the 78680 vides processor. ‘68 tin. fe aoe postage The pin assignments are 


identified in Figure 2 and the signs are summarized i in Table 1. 


Vbb« 
Vdd * 
SYNC | 


“RD/WR 
128/16 
LTCLK 
 Vss2 
Vss1 
Vssi 
DIO0O 
DIOO1 
DI002 
DIO03 
DIO04 
DIO05 
DIO06 
Vdd 


PHI soc “yf 
CAVITY VID1 VID3 Vdd Vss 4 _ Vdd IDOO Vss3 


LPHA PHI 


———-|VIDO| VID2 f°"; ] Vdd | Vss | 5 | Vdd | Vss3 











60 59 58 57 56 55 54 53 52 51 50 49 48 47 46 45 44 






le [SS aeaasee = a 39 
| | 38 
1 67 | Hepner a 
a 7 . 36 | 
| é | 78660 VIDEO ‘ | 35 
| PROCESSOR (VIPER) | Oe aed 
2 | CHIP! aie eae a 
| | | 32 5 
: TOP VIEW oP ies 31 | 
: | ifaw Dow 4 i a 80 | 
, See 2a | 
Lie 7 27 





1011 1219 14 18 aio 19 20 21 22 23 2 24 25 26 


p10, | DIO | ‘DIO. pio | DIO | Vss Vdd. | PE.| 

| 7.09 ' 11 < ees | kes as 

SCROLL” DIO” DIO Te pio" Ves vad “Ves Vdd 
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The video processor 
receives commands from the video oneal and pettorits the data manipulations required for 
screen refresh, scrolling of windows, and screen updates. It provides the bandwidth necessary to 
display up to 850,000 pixels on a high-resolution CRT at an 80-Hz refresh rate. It contains a 
programmable bus-width structure and internal buffering for use with 64K or 256K RAMs. 
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pe Data rc wo wro< <1 5:00>)—T hese Afties catia the bit-map cee input ‘and 
output data to each bit map memo: yd M1 Then the RD, WR. signal is high, the DIO <15:00> outpEt 
drivers are a high- impedance state. . 

Scroll (SCROLL) —This signal ne nich of tad does words eed o on ihe DIO < 15: 00 > 


lines are to be scrolled. 7 | aed 
Plane Enable (PE)—This a al dees if the bite memory may process. a write operation. 


128 or 16-bit Mode (128/16)—When high, this signal enables the processing of 128-bits for screen 
refresh and scrolling operations. When low, 16 bit bit-map update operations are enabled. 
% Bit-map Memory Read/Bit-map Memory Write (RD/WR)— When high, ‘this signal allows the 
video processor to receive bit-map memory data and the DIO<15:00> are a high-impedance 
state. When low, the falling edge of the RD/WR signal latches the bit-map memory data « on the 
_ DIO <15:00> lines and enables the DIO <15:00> output drivers. 
Latch Clock (LTCLK)—When the RD/WR and 128/16 lines are high, the euiins edge of ig 
_LTCLK signal latches in bit-map memory data on the DIO< 15:00> lines, When this line is low 
and the 128/16 line is high, the leading eee of LICLK causes valid scrolled data to be shifted ¢ out on 
the DIO< 15:00 > lines. 


: ‘Synchronize (SYNC)—This pulse inttalioes 2 all —_ Bikreol flip fidbs ‘ad es ~ apes 
~ some e master-slave. es oie signal d does not perform. the function of a reset input. — 








Video Bus iaievhase Signals 3 
_ Video (VID < 3:0> Moshe sisi08 edge at the ALPHA 1 see shifts the screen refresh data out on 
~ these lines. cannes eaneee 


| ALPHA 1—This signal causes x the data t to obe eaneal to the VID <3:0> lines. 


icainsctica/ Data Bus Gaddis Signals 
Phase 1 and Phase 2 Clocks (PHI1 and PHI2)—These are nonoverlapping clock inputs that 
determine the overall timing and control of the video processor. 

: Chip Select (CS)—When, line ID<7> is high, this signal is asserted to allow the-incoming 
A ‘instruction to be latched and executed. If line ID<7> is low, the incoming instruction is ignored 
~ when the CS signal is asserted. When receiving data on lines ID<7:0>, the polarity of CS and/or 
ID7 is irrelevant. 
“Instruction Data (ID <7:0 > Syolrhge input sd output aes norinklly. remains in a Kigh- 
__ impedance state during input instructions and data. The peutpue drivers are ala by the internal 
execution of Z-axis or control store RAM instructions,. | 
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Power and Ground Connections 

Power Supply (V,,)—Supplies 5 Vdc power to the 78680 oe processor. 

‘Ground (V.s)—Ground reference for all internal logic. 

Ground (V.s:)—Ground reference for the output drivers of lines DIO< 15:0>. 

Ground (Vss2)—Ground reference for the LTCLK, RD/WR, 128/16 and SYNC input signals. 
Ground (Vss3)—-Ground reference for the. ID< 7:0>, VID < 3:0 >, and PE ficaas | 
Cavity—Chip substrate that connects to Von pin 60.. 


- Architecture cone 


A typical bit- -map processor system, shown in Figure >; consists of high-speed timing logic, a local 
processor or remote processor that performs DMA operations, the 78690 video control, the 78680 
video processor, bit-map memory planes, and the color map and shift register logic. The timing 
logic generates the system clock pulses. The local processor provides the commands to update the 
video control memory. The video control performs functions that are common to all ‘memory 
planes such as raster computation operations, scan timing, system status generation, and 1 memory 
address generation. Each video processor transfers information into and out of its bit-map memory 
plane. The output data is transferred through the s Hit register to a | color map and digital-to-analog 
converter to provide the phased video toamonitor 
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The video processor communicates through the ee on sais bus, the es merry 
address bus, and the display video bus. 


The source, destination, barrel-shift constant, and ee mage ae is ie ee to’the sce 
processor registers through the ID bus which controls the operation of the video processor. The ID 
bus is used to load and read registers and to execute direct or indirect instructions. Data can also be 
exchanged between the registers of other video processors through this bus. During a source 
operation, the video processor teceives the source information from the video control and locates 
the source in the bit-map memory. During the destination operation, the video processor receives a 
destination code and an edge mask to determine which bits of the data bus are to be written. 


The display memory bus transfers the address required to automatically refresh the memory, the 
scrolling information, and the screen update information. 


The display video bus connects the video processor to the display circuits including. the shift 
registers, color map, and digital-to-analog converters. 


Hardware Description — 
The following paragraphs provide a brief description of the major hardware functions of the video 


processor s shown in Figure 1. 
Input FIFO—The 8-bit by 17 word first-in first-out (FIFO) haves permits uninterrupted data flow 


between bit-map memory and the external display circuits for screen refreshing. The maximum 


data rate into the input FIFO buffer is approximately 11.5 MHz.. 


Word-to-nibble Converter—This converter reads the input FIFO ‘iattee divides the San into vi 
bit nibbles, and transfers the nibbles to the video output bus. The maximum clocking rate of the 
converter is approximately 17.2 MHz. 


Output FIFO—Because of the timing constraints, the video processor stores the scrolled data in 
the dynamic 16-bit by 16-word output FIFO buffer before returning the data to the bit-map 
memory. The maximum data rate from the output FIFO is approximately 11.5 MHz. Data should 
not remain in the FIFO buffer for more than 30 microseconds. Any test vector rate should therefore 
be greater than 1.25 MHz (less than 800 ns per vector). . 7 


Barrel Shifter—The 16-bit barrel shifter is used to provide horizontal motion on the screen. The 
barrel shifter multiplexes the independent processes of scrolling and updating the bit-map 
memories so they occur concurrently. | 

Fill Register—During horizontal scrolling, the video processor creates voids at the left and right 
edges of the scrolled regions. The fill register holds the data pattern to fill in the voids. 

Left and Right Boundary Registers— These registers contain masks that determine the actual bit 
positions of the edges of the scrolling region. 


Logic Unit, Source Register, and Mask Regiied Danks bit map updates, the logic unit 
performs logical operations between data in the source register and incoming bit-map memory 
data. The Mask 1 and Mask 2 registers determine those bits within a 16-bit field that the logic unit 
will modify. The logic unit performs 16 possible operations by selecting data i in the rorepround or 
background register for output to the DIO< 15:00> lines. 


Switchyard Logic—This logic transfers 1-, 2-, or 4-bits that are received on the ID bus to the 16-bit 
internal TWID bus. The number of bits eocied depends on the selection of full-, half-, or quarter- 
resolution mode. The bits on the TWID bus are transferred to the source, fill, foreground, or 
background register. The switchyard logic is used for Z-axis bit-map memory update operations. 
ID I/O Holding Registers— These —— Peuiee ee peween ime 8-bit ID bus and the 16- 
bit internal TWID bus. :: | 
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is a window of variable width and position! for raster wea It may be dems cram aim 
alé-bitfield. = . 

~ Scroll Constant Register—This register stores barrel shifves — data. The mel constant 
provides shift magnitude and direction. One register bit determines the up or down scroll direction 
and one bit enables the memory plane when writing scroll data back.to the bit-map memory. 

_ Plane Address Register —This register stores the device address. The video control compares the 


value in a moe to ae incoming address to oe if a | Z- -axis instruction ‘should be 








executed.» 

Resolution Mode and Bus-width Mode R Re ere—‘Thike registers ssi il eneg modes of 
the video processor. - | 
Logic Unit Function ‘Register —Four registers thet ol on bowie unit aad ae unit eee 


Control Store RAM (CSR)—Six registers that provide indirect instruction execution to control the 
origin and destination of data transferred on the internal TWID bus and the external ID bus... 


Programming Functions 


The following types of instructions are available to the applications programmer. 

Register load—The register load instructions are used to load data i in one of the 22 addressable 
registers in the video processor. Two registers are available for mode selection, four registers for 
direct address control, six registers for data storage, and ten registers for indirect control functions. 





Z-dimension color codes—Color information is received from the address processor and is written 
into one of the four data registers—source, fill, foreground, and background. Up to 16 video 
processor chips can be addressed in parallel at the same time. During a Z-read orle, all color data 
for a specific pixel can be accessed in parallel from the memory planes. _ 

Active cycles—During an indirect data transfer between the bit-map memory planes and the 


address processor, one video processor transmits the information, and~the remaining video 
processors can receive the data and store it in one of three data registers. 





The video processor has a programmable indirect instruction set, which allows the address 
processor in a video subsystem to command direct memory access (DMA) operations between any 
memory components of the video subsystem. This enables. data to. be translated, rotated, and 
scaled. The video processor performs the following data transfer cycles. - 

Screen refresh— During this cycle, the data in the video r ‘memory is sampled and transferred to the 
video circuits. 

Scroll—During this cycle, data in bit-map memory is read, barrel shifted, and written into the bit- 
map memory resulting in a scroll operation within a defined window of the display. 

Bit-map update—This cycle requires an instruction and data. The type of instruction determines 
the source of data, indicates the ssa of the poet and a shina the aispositons of the data 
at the new location. | 


Modes of Operation | 
The 78680 video processor operates in the following modes. 


Bus width mode—This mode allows the user to select an effective bus width of 4, 8, or 16 bits to 
optimize the cost advantages from low-density, partial page displays to hich-densig) RAMs. 


Confidential'and Proprietary 2-7 





The edge mask generator converts an 8-bit code into a 16-bit mask, which . 





Preliminary . 78680 


Resolution mode—This mode enables the programming of color or intensity changes by 1, 2, or 4 
bits. An increase in the intensity or color results in a decrease in the resolution on which those 
changes can be made. The resolution mode can be used effectively with terminals with low plane. 
counts. 


Axis mode This mode provides a mca of data transfer to a group ey ee that aveilae each 
other in the Z dimension, as opposed to the normal transfer between pixels in the same plane. 


Register Descriptions 7 

The video processor contains 22 user-loadable, static Regie i combine data and sonerel 
instructions. The width of the registers is 16 bits. However, many of the registers operate with less. 
than 16 bits. The information written into the registers cannot be read. A register is accessed by the 
least significant 5 bits of ID<7:0> lines. Figure 4 shows the register load transfer sequence. The 
ID bus instruction is a one-byte code and most instructions are followed by a 16- bit data transfer or 


subinstruction as listed: 

Parameter Meaning 

IN Instruction 

SI Shift constant 
LB _ . Data source-low byte 
HB | Data source-high byte 










Site ABER Re, AF on he” oe ey 
oe] oan REGISTER ADDRESS ss 
45 | . 8 








INST: 
SUBINST: - NONE REQUIRED | 
~LOWBYTE: | ~~—”-—s&#REGISTER DATA BITS (07:00) 
_ HIGH BYTE: REGISTER DATA BITS (15:08) 
PHI2A 
PHITA 
PHI2B iBo | | LB 1 


PHI1B HBO HB1 


Figure 4*7 8680 Register Load Data Transfer Model 
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The video processor registers, type, and ignite assignments are fisted: in Table 2: ie of the | 
se beeh are snteniag , } 


Table 2 = 78680 Register Address Assignments © 


Address Register Name Width Type 
(hexadecimal) 


Resolution mode 1:0 | 
eens <param pi cage on Bag 
_. Serollconstant = tsi s«é rect control 
. Planeaddress§  —(—sS— 50 SSS Ditrect control 
Logic function 0 es 7:0 Indirect control 
Logicfunctionl .. .. ....,,,. 70. ~~ ...__ Indirect control 
Logic function 2 — 7:0 ~~~ Indirect control 
Logic function 3 7:0 Indirect control 
Data mask 1 15:0 Data 
a mask ) a ae 15:0 Data 
ee ae ee ee 








Left scroll ee aeoetgenent ee Direct control 
Right scroll boundary — 15:0 _., » Direct control -- 
Background 3 i ssti‘(‘(‘séti;!;!!;!;#;«*NS OCCU Catal 
a oor geil sacra 

Control storeRAM(CSRO) isi 0S —~S~—CS snc control 
Control store RAM (CSR1) 6:0 ; Indirect control 
Control store RAM (CSR2): at tals 6:0 Indirect control 
Reserved neha f ; 

Control store RAM’ (CSR4) ship 6:0 Indirect control 
Control store RAM (CSRS) ee 
Control store RAM (CSR6) 6:0 _ Indirect control 
Reserved 

Reserved 


SNAMOIAWPOMIDRUWUAWNHO 


eh ph eh pd = 
nuRaARBoOKHE 


The data and direct control registers A through F (hexadecimal) are 16 bit registers | that are aka 
by the ID bus load register commands. The mask and source registers are loaded by data transfers 
during the rasterop cycles. The source and fill registers can be loaded with a data constant to select a 
‘solid color: during Z-axis register load commands. The least significant bit of the word determines 
the left pixel and the’ most significant bit determines the right pixel on the display. 7 
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Resolution mode—The resolution mode register controls the action of the mask bits (mask 1, mask 
2, and edge mask), the source register, the barrel shifter constant, and the Z-axis command. This 
mode allows the 78680 video processor to respond as 1, 2, or 4 planes. Figure 5 shows the format of 
the register and Table 3 lists the functions of the register information. Because each video 
processor can be programmed for a different resolution, the single barrel-shifter constant should be 
truncated for low-resolution applications except when scrolling. Horizontal scrolling should be 
used for the lowest-resolution plane to prevent errors caused by truncating to result in the scrolling 
of an undesired region. 7 ee Cr eee ae | . 





NOT USED a8 . PLANE 


Figure 5 « 78680 Resolution Mode Register Format 


Table 3 = 78680 Resolution Mode Register Description | 





Bit Description 
15:02 Not used. | 
01:00 ~ Planes—Defines the planes of response as follows: = 

Bit01 Bit00 Plane Description _ | 

ae |) 0 | Full resolution. .° - 
0 1 2 Half resolution 
1 0 3 Undefined 
1 i 4 


Quarter resolution 


Plane 1—When plane 1 is specified, each bit in the mask registers and source register controls its 
respective mask multiplexer or logic unit bit independently of the remaining bits. The plane 
address can be programmed to any value and all barrel shifter constants are significant. During Z- 
axis operations, the video processor receives or transmits the bit that corresponds to its plane 
Plane 2— When plane 2 is specified, the even and:odd mask or source bits are OR gated, and the 
results are used to control the corresponding mask multiplexer or logic unit bits. The least 
significant bits of the barrel shifter constant is truncated so that the data will move only by a 
multiple of 2 bits. During Z-axis operations, the video processor receives or transmits 1 bit that 
corresponds to its plane address and the next most significant bit. The plane address bit must be 
programmed to an even value. 
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Plane 4— When plane:4 is specified, the 4 mask-or source bits are OR gated and the results:are.used 
to control the:corresponding mask multiplexer or logic unit bits. The two least significant bits of — 
the barrel shifter constant aré truncated so that the data will move only by a multiple of 4 bits. . 
During Z-axis operations, the video processor receives or transmits the four bits that correspond to 
its plane address and the next most significant bit. The plane address bit must be programmed to a 
multiple of four. 








on the number 





Bus width—The bus width register re this number of video bus bits depen ing 
of pixels re lay €0 
to the same bus width: Figure 6 shogs the! register Seactas aad Table 4 lists the bit ee and the 
reduction in the video bus speed that results. 





15 04 03 02 01 00 





NOT USED BUS WIDTH NOT USED 


Figure 6 « 78680 Bus 
pie ak Oe oot ee & 






“Tabled. 4- 78680 Bu: Wi 


Ae eee see ee Hae gh 





Bit | | Desciipcan 
15:04 Not used. eigit io 


03:02. is Bus width—Selects the number of video bus bits used for ane — as follows: 

Bie 03 Bit 02- Data bus _- 1 a ‘output LCBAED 2 Doig 

moe | eee \“Abits ab 4 bits: every fourth alpha pulse 
SeaLoy oT ge bare “° 4 bits every other agg ay se | 

| 0 undefined Lat acd 

















01:00 Not aed 
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Scroll constant—The scroll constant register is double buffered and is used to select the left or right - 
horizontal scrolling and vertical scrolling operations. The data entered in the register becomes - 
active on the following frame: Figure rh aheved ue register format and Table 5 lists the functions of » 





the register noe 





Bit 
15:07 
06 


05 


04 


03:00 


2-12 


NOT USED | | X-SCROLL CONSTANT 


VERTICAL SCROLL DIRECTION 
SCROLL ENABLE 
HORIZONTAL SCROLL DIRECTION 


Figure 7 = 78680 Scroll Constant Register Format 


Table 5 « 78680 Scroll Constant Register Description 
Description 
Not used. 


Vertical scroll direction—Selects. the. direction for the vertical scroll as follows. 
Used to compensate for the asymmetries between the ie and es scrolling 
directions. eae 


0=down, 1= up, left, or right | 


Scroll enable—Set to enable the horizontal or vertical scrolling of the data accessed. 


Cleared to disable scrolling and the writing of memory planes. __. 


Horizontal scroll direction—Control the direction of the X scroll constant specified 
id bits 3:0 as follows: Cleared when using the Y scroll constant. 


=left, 1=right 


X-scroll constant—Selects the number of suelep per ae as follows: 


For left scrolls: 0 value =0 pixel and 15 = 15 pixels 
For right scrolls: 0 value= 1 pixel and 15 = 16 pixels 
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Plane address—The plane address register determines the Z-axis operation. The plane addresses 
must be different for each 78680 video processor. Addresses cannot overlap. A permanent plane 
address is set if the scrolling process loads the fill register in Z-mode. If the fill register is loaded — 
individually by the scrolling process, then different update regions can have different plane address 
arrangements. The register format i is shown in Figure 8 and function of the register information is 


described i in Table 6. 


15 | spall 0605488 00 





NOT USED se a am BIT ADDRESS IN Z-AXIS 
ais i — "Z-AXIS BLOCK ADDRESS : 


_ Figure 8» 78680 Plane. Adee Reiter Format 





Table 6 - 78680 Plane Address Reine Description 








Bit Description 
15:06 Not used. a 3 
05,04 = Z-access block address 0 to 3—Defines the high-order bits of a 6-bit plane address 


when using more than 16 planes or subplanes within a system. 


03:00 Bit address in Z-axis block 0 to 3—This address is set to the bit on which data will 
be exchanged on the ID bus during Z-mode transfers. For low resolution applica- 
tions, this bit is the low-order bit and must be a epee of 2 rae that is a 
multiple of 4 is a multiple 2. 





Logic unit function (0-3)—Each of the fout logic unit function registers (0 through 3) include 8- 

bits of information. The registers combine the word read from destination (D) during a read- 

modify-write cycle with the contents of the source (S) register. The results are used to select the 
color of the foreground and background of the display. The foniyat of the registers are shown in 
Figure 9 and described in Table 7. 


15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 


[4-7] 





NOT USED . Ls | FUNCTION 


ENABLE RESOLUTION MODE 
SOURCE 
MASK 2 
MASK 1 | 


Figure 9 = 78680 Logic Unit Function Registers (0-3) Format 
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Preliminary 


"Table 7 + 78680 Logic Unit Function (0-3) Register I 
Bit —- Description —— 








15:08 Not used. | 
07 Enable resolution mode—Cleared to enable the resolution mode for the source 


register. Set to disable the resolution mode. When disabled, the bits are not | 
combined with the adjacent bits and are transferred through the logic unit 
regardless of the resolution mode register selections. 


06 Source—Set to select the source register word and cleared to select the complement 
of the source register word. — _— 
05 Mask 2—Cleared to use the content of programmable mask register 2 and set to use 
the complement of mask register 2. 
04 Mask 1—Cleared to use the content of programmable mask register 1 and set to use 
the complement of mask register 1. 
03:00 Function—Specifies the contents of the register as follows: 
Bits bene ae ee. Ok 0 } 
03 02. #01 00 Function 
0 0 0 0 ‘Zeros 
0 0 0 1 not(DorS) | 
Oe 1 * ~0 ** (not D) and’S ** 
0 0 1 ‘a notD 
O wal. 0 0. _Dand (not S) 
0 1 0 1 not S - 
O- 1 1 O- DXORS_ 
0 1 1 if not (D and S) | 
1 0 0 0 D and S$ - 
1 0 0 1 not (D XOR S) 
1 0 1 0 S 
1 0 1 1 (not D) or S_ 
1 1 0 0 D 
1 1 0 1 D or (not S). 
1 1 J 0 DorS | 
L 1 1 1 ones 
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Mask 1 and mask 2—Programmable mask registers 1 and 2 are used to control the bits that a read-__ 
dify-write cycle will modify. Loading the data. mask register 1 also loads data mask register 2. 
with the same information. The output of these registers and the edge register determine the bits - 
that will be modified by the 78680 video processor. Figure 10 shows the format of the data iis 


registers. 





[8,9] .| 








READ-MODIFY WRITE BITS 


Figure 10 * 78680 Data Mask 1 and 2 Register Format 


eee, source register contains che source _" foi “ fopte unit ee is Pane ik the 
destination information to select the foreground and background color for each pixel. The Z-mode 
address for this register is 00. The register format is shown in Figure 11. 





~ SOURCE WORD 


* Biaure 1 lls 78680 Sewnee ze er: FO 





Fill—The fill register is double buffered and determines the fill area or blank space in memory that 
is created when scrolling. Normally, the Z-axis load command is used to select.a solid color. If the 
register is loaded directly, all bits that correspond to the same subplane are set to nes same © palue. 

The data from the register becomes active during the frame that follows.» =~ 


Because the scroll region boundaries can be contained within one word, the leftmost and Jina 
word can be programmed to any bit position. The scroll region boundaries of the 78690 video 
control, howéver, are limited to a multiple of four. When the video control is used; the boundaries 
must be selected with groups of 4 bits. Only the low 4 or 8 bits of this register are significant when 
using the 4- or 8-bit video bus widths, respectivély. The register format is shown in Figure 12. 


(B] 





FILL AREA/BLANK SPACE 


Figure 12 = 78680 Fill Register Format 
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Left and right scroll boundary—The left scroll boundary register defines the boundary for the left 
scroll. All bits corresponding to the pixels that contain the left edge of the region are cleared, and all 
other bits remain set. Normally, all bits from the pixel are cleared on the edge through the most 
significant bit of the word. If both of the edges are within one word, only the bits from the left a 
through the right edge are cleared. 


The right scroll boundary register defines the boundary for the right scroll. All bits are cleared from 
the least significant bit (LSB) of the left edge through the bit corresponding to the rightmost pixel 
that are to scroll within the word that contains the right edge of the region. All other bits remain 
set. If the right boundary is between words (LSB not scrolled) or if both edges are within one word, 
all bits are set. The format of the left and right scroll boundary register is shown in Figure 13. 





[C.D] | 


CLEAR/SET BITS 


Figure 13 = 78680 Left oa Right Scroll Boundary Raseie Format 


Background and foreground—The background and foreground registers are loaded by the ID bus 
register or Z-axis register load commands. The least significant bit of a word specifies the leftmost 
pixel and the most significant bit specifies the rightmost pixel. The information in these registers is 
selected 1 bit at time by the logic unit that transfers the information to the mask multiplexer. The 
multiplexer selects either this data or the previous destination data. The background register is 
selected by a zero output and the foreground register by a one output from the logic unit. The 
register format is shown in Figure 14. 





[EF] 


RIGHT-MOST PIXEL 
LEFT-MOST PIXEL 


Figure 14« 78680 Background and Foreground Register Format 
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Control Store RAM (CSRO-CSR6)—The control store RAM registers are CSRO through CSR6. 
gister CSR3 is reserved. During raster operations, these registers control the transfer of m ) 
ithin the 78680 video | processor and the data transfer to or from other ID bus devices. During | 

each update memory cycle, the 78690 video control addresses the contents of these - registers. 2 

When bank 1 is selected by the video control, CSRO controls the first read source, CSR1 controls _ 

the second read source, and CSR3 controls the read-modify-write destination. When bank 2 is — 

selected, CSR4 controls the first read source, CSR5 controls the. second read source, and CSR6 
controls the read-modify-write destination. Figure 15 shows the format of the control store RAM | 
registers and Table 8 lists the function of the register information. fe 











[10-12] 
[14-16] 








err @iNOTMBEDS ote g-) Genres ronson ctr ells “EXTERNAL LOAD 
BARREL SHIFTER DELAY CONTROL | INTERNAL, LOAD 
ID BUS OUTPUT - : aor ms 








_ Table 8 = 78680 0 Control Store RAM Desipdon Rare ia see 


Bit _ Description 
15:06 Not used 


Barrel shifter delay control—Set during a fast te rasta 4 operation to ‘hold the ~ 
previous word in a delay register so the remainder of each s source word forms the | 
next output word. This prevents excessive read operations to the source raster. This 











bit controls delay register one for CSRO and CSR4 (for source e 1) and delay register: 2 - 
for CSR1 and CSR5 (for source 2). | 





04 ID bus output— When a CSR is addressed during a memory ead ae this biti is set 
_to enable (one plane at a time is is allowed) the transfer of data o on cctate ID D bus daring a 
memory read cycle. yk 7 
03:02 Internal Load—Select the fener to receive the data oat the barrel shifter | 
from the local memory plane following a memory read operation as follows: 
Bits 
03 02 Register 
0 0 none 
0 i source 
if 0 mask 1 and mask 2 
1 1 mask 2 
01:00 External load—Selects the register to receive the input data from the ID bus 


following a memory read operation. 
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Specifications = 


The mechanical, electrical, ‘and environmental characteristics and specifications for tie 78680. | 
video processor are described in the following paragraphs. The test conditions for the electrical : 
values : are as follows unless specified . otherwise. | i 





= Power supply voltage (Vpp): 5.0.V 
- Temperature range (T,): 0°C to 70°C 
> Ground CVes,),(Viaa)s Voss) CV ess): OV nie 


Mechanical Co tion 
The physical dimensions of the 78680 Seat cerquad package are - contained i in Appendix E. 


Absolute Maitistnea Ratings 7 
Stresses greater than the absolute maximum ratings may cause permanent damage to the device. 
Exposure to the absolute maximum ratings for extended periods may adversely affect the 
reliability of the device. | | 

= Power supply voltage (Vpp): -0.5 V to 5.25 V 

= Input voltage applied (V,,): -0.5 V to 6.0 V 

= Output voltage applied (V,,,): -0.5 V to 6.0 V 

« Power dissipation (P,): 1.9 W at 100°C, 2.8 W at O°C 

- Active temperature (T,): 0°C to 70°C. 

« Storage temperature: -55°C to 125°C 


Recommended Operating Conditions 

. Power supply voltage (Von) 5 Vv +$5% 
- Temperature (T,) 0°C to 100°C 

" Typical operating voltage: 5.0 V 








de. Electrical Characteristics | 
The dec electrical parameters of the 78680 video processor for the operating voltage and 
temperature ranges s sire are listed i in fate 9, 
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High-level 
input voltage 


‘DIO <15:00>.CS,SCROL, 


ID<7:0>,SYNC, 
RD/WR,128/16, 
LTCLK,ALPHAI, 
PHI1,PHI2 
Low-level 

input voltage 


DIO < 15:00 > ,CS,SCROL, 


ID<7:0>,SYNC, 
RD/WR,128/16, 


|Table 9+ 78680 de Input and Qu 


Test Condition 


tput Parameters 


Requirements 


20... 


0.8 





Vou 


Jon 


loz 


High-level 
output voltage 
(all pins except ID < 7: 0 >) 


ID <7: >. 


| Low-level Van0V ouleis shane ak one 
- output voltage noe gy 
DIO < 15:00> PE, AGT teas Pawar 6 
~~ VID<3:0> © ih we , 


ID<7:0> 


Active supply 
current 


Input leakage . 9 - 


‘Tnput leakage 
current (low) 


Short-circuit 


output current! 
DIO < 15:00> ,PE, 


 VID<3:0> 


ID<7:0> 


-High-Z state da ve 


current 


High-Z state output . 
current? 





Lo. = 5.0 mA 


Veo = max a 


T,=0°C 


Wino jeter. a cae 


V,.=Vop (1 nax. oe 


Von = max. — 


— Vng= OV 


Vop = max. IQ 


Ueeue een 
Vi. =0.4V— 


Vpp = Max.- Lone 


Vou = 2.4 V 
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| Pa = -~200 pA 


~ +140 


“30 
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Symbol | Parani imeter : : se Fe Test Condition r : ; I tequire is ments ” Units 


C,, _ Input ‘capacitance | | | ae 4.7 pF 
CG. * Output capacitance’ — 6.6 pF 


‘These are computer simulated measurements and cannot be tested. In the test simulation, only 
one output at a time may be short circuited to ground. 

The outputs include the driver current and input leakage current. 

>Capacitance loading is for the output drivers and input receivers. 


ac Electrical Characteristics 

The ac timing parameters for the 78680 video processor are grouped re to major cycle 
timing, minor cycle timing ID bus and video bus timing, and synchronization cycle timing. The 
timing parameters in the tables are in microseconds unless listed otherwise. 


Major Cycle Timing 

Table 10 lists the symbols, definitions, and specifications for the major cycle timing shown in 
Figure 16. A major cycle begins on the rising edge of the PHI2 clock pulse and is equal to four PHI2 
clock periods. A refresh read memory cycle has two major cycles—a read cycle and a screen refresh 
transfer cycle for editing or scrolling. Every second major cycle must be a read cycle. The video 
processor provides data to the display during the forward scan time of the screen refresh transfer 
cycle. During this cycle, a refresh read memory cycle transfers data from bit-map memory to the 


video bus. 
Table 10 - 78680 Major Cycle Timing Parameters _ 
Symbol —_ Definition | _ Requirements (ns) 
Min. Max. 

tever’: Period of LICLK 2 | oe DAS 
tis Period of PHI1 or PHI2 148° 
Peres Period of major cycles = | 
toi 2 Propagation delay of LICLK rising to valid data on | 

| DIO< 15:00> ons arene? 
tpi 7 Propagation delay of 128/16 ewitcuog & to an nupdatedv value | 


-of PE. . stele ests ayn SY 
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Symbol Definition _ - ; | | Requirements (ns) 
tic Hold time of RD/WR or 128/16 switching to the falling 

edge of LTCLK. This parameter must be met relative tothe 

last falling edge of LTCLK in a major cycle. © ae 10 — 
troz Hold time of DIO<15:00> or SCROLL to the falling. 

edgeofLTCLK 13 o 
tii Propagation delay of RD/WR going 7 toa hightinpe! : 

dance on DIO < 15:00> 7 3.0 18 
tov Nonoverlap time, PHI1 to PHI2 euteden He 15.5 14,34 
— Moginhdiar =. gst ee 
tewre Pulse width high of PHI1 or PHI2 : ee.) oe 
ees Pulse width low of LTCLK _ a Po, 36.5 ek 
tsui Setup time of RD/WR switching to the + falling sep of . | 

LICLK. This parameter must be satisfied relative to the 

first falling edge of LTCLK in a major cycle. Ew es eee) — 
tsu2 Setup time of 128/16 rising to the rising edge of LTCLK. 


This parameter must be satisfied relative to the first rising _- 
| edge of LICLK in a ae cycle and eens only ad 


teed by not exceeding fa). : - 65 — 
tsus Setup time of DIO<15: 00> or ‘SCROLL to the falling —_ A 

edgeofLTCLK oo 0 —_ 
tsur0 Setup time of RD/WR or 128/16 switching to the fiest 

falling edge of PHI1 in any major cycle 26.5 — 
tas Propagation delay of RD/WR R going low to valid data on | 


DIO < 15:00> | el Steers Sas 3.5 30 
*Minimum tcyc; =4 PHI2 cycles or 16 ALPHA cycles | 
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ee licenl tpwri>{| fe | ee hae oe ee ee 
| >to — tPWH1 | ae 


PHI 1 


PHI 2 


Br WR | 
‘HOI | oe cae 
en tsu10 


128/ 16 





—»| t-tHO2 


im Pal ‘SUZ ia 





DIO 


Ht———tHOQ 
tsy3 


ScROLL Sitio a 


PE 


Figure 16 * 78680 Major Cycle Timing... 
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Minor Cycle Signal Timing 

Table 11 lists the specifications for the minor ao: events sc taciadins a memory cycle shonin in Figure 
14.A memory cycle starts at the beginning of a major cycle and must end by the beginning of the 
next major cycle. Only one memory cycle must be in progress at a time. 


: Cycle Timing Parameters 





Table 11 ».78680.Mir 





Symbol Definition : Requirements (ns) 
| , | : Min. Max. 
iss BRpaeaione ale of PHI2: rising to -valid- data- on - | 

DIO<15:00>. This parameter applies only t to Z-axis 

write operations. — — 63 
tos Propagation delay of ID data setup to Rliccine ade: af Tithe | 

~~ ~gsecond PHI1 in a minor head to. valid data on 
OS ON EY TUT ge We 
tuos ._-Hold time of an asserted cS to the falling edgeofPHI2, 40° 0—2~O 
tis Hold time of DIO< 15:00> to the second = — of 
_ PHI2inaminorreadcycle. ‘matte 2 = 
ee Hold time of DIO< 15: 00> to the falling = of RD/WR. 0 — 
ts Propagation delay of the rising edge of 128/16 to. 

DIO < 15:00> rising or falling. | 0 38.5 
tui Setup time of an asserted CS to the falling edge of PHI2. 40 — 
tous Setup time of DIO<15:00> to the falling edge of the 

second PHI2 in a minor cycle. 50 — 
tiie Setup time of DIO<15:00> to the falling edge of RD/ 

WR. 13 — 
ty Propagation delay of RD/WR going low to valid data on 

DIO < 15:00>. 3.5 30 
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MAJOR CYCLE siete: 
| : _ MINOR CYCLE rein st ae ti MINOR CYCLE 


PHI 2 


PHI 1 
RD/ WR 
128/ 16 


cs 





| sus , 7 sus be | 
penis tyos——>| jus 


7 TD C= TTT == 1 UL///// 







— tgu7 


st hes 
on j— tDs 


Figure 17 « 78680 Minor Cycle Signal Timing 





ID Bus and Video Bus Signal Timing 

Table 12 lists the specifications for the ID bus aad video ee timing dew in 1 Figure 18. A major 
cycle begins on the rising edge of the PHI2 clock pulse with 4 PHI2 clock periods. PHI1 and PHI2 
must have the same period and must not overlap. The alpha clock has a timing period one-fourth of 
~ the PHI2 clock and has coincident rising ng edges. | 





t,. Time delay to valid data on VID <3:0> is 10 ALPHA 
cycles plus tp, after start of present major pana (Not 
testable). : | oe a 


tacc . .. Propagation. delay. of. PHI2 | -1ising to. aval d dlata_< on 
_- VID<3:0> while ALPHA is high. | | | 


teycs | “Periodf coor osha z i eae Gee 











full page= cecaibl PHA clock. ae: 
half page =once/two ALPHA a” = 
one-fourth page = once/four ALPHA clocks 


Gig Hold time of ID<7:0> to the falling edge of PHI1 or 
PHI2. 15.5 — 


tig Propagation delay of PHI1 or PHI2 going low to a High-Z 
condition on ID<7:0>. 3.0 40 


teens Pulse width high of ALPHA. 18 —_ 
tres Pulse width low of ALPHA. 18 — 
tes Input rise time (fall time) ID <7:0> — 26.5 


teu Setup time of ID<7:0> to the falling edge of PHI1 or 
PHI2. 13 — 


tires Propagation delay of PHI1 or PHI2 rising to valid data on 
ID<7:0>. 3.5 40 
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MAJOR CYCLE 


PREPS te E eos (2a ee en ee 
art | “| fetacoe} 


PHI 2 ! 





. ee ak - =; 


ALPHA ! } 
LJ 


| ie __t39 ee 





Figure 18 « 78680 ID Bus and Video Bus Signal Timing os an 
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Synchronization Cycle Timing 

Synchronization occur sre per pains during the seitical retrace period, When the SYN C. sigial is 
asserted, all internal clocks halt in a t=0+state. The video processor suspends all data processing 
and resets the counters that are used to transfer data out to the video bus and out of and into the ID 
and data bus. The LTCLK has eight time periods within a major cycle. These periods can occur 
within the cycle to accommodate different types of thigmniories. “Table 13 lists the synchronization 
aiming ey shown in higore 19. 











te Use the rising det of PHI2 as 72% major roe Soundany” = 


~~~ -except after asyne cycle. (Not: testable). . mm 


ty The number of ALPHA cycles that must elapse before 
1 , PHI2: Boes tow ie the first He: after a pre cycleis 1,5, Sar 
9, or 13... Pula Put 43 | —- JS 





tewas Pulse width h faut hof SYNC. BLE MOO Fg SIERE" 302 = 
tes Skew between PHI2 falling and ALPHA falling. _ — +5.0 


tei Setup time of SYNC going low to the first falling edge of 
ALPHA. 


tisst Senet time of LTCLK — to the rising edge of PHI2. 


to bé-valid, data must h; n loaded into 
e LICLK and its, dssocinsed dais r uring a major read 











pli must eee de third ri rising mdi of PHD. 
_*Minimum toye,= 4 PH12 cycles or 16 ALPHA cycles. 








avast eons NR NBEO nnneanenonnemovrn nomenon ern ype I MNT oe enn jena 





CYGLE .. i. Ln ecindeaed aE, nic | : ; ae 


SYNC - 





LTCLK 
PHI1 
tay 


PHI 2 


ALPHA 


Figure 19 = 78680 Synchronization Cycle Timing _ 


- Interfacing Techniques - 
The video processor communicates with the video subsystem using the three TTL-compatible 
interfaces shown in Figure 3—the system interface, the bit-map interface, and the display 
interface. aie. Pee aye M Pree Sia ae 
The system interface lines consist of the chip select (CS), the system clocks, and an 8-bit, 
bidirectional instruction/data bus. The system interface connects to the address processor memory 
planes and other memory planes. 

The bit-map interface includes the 16-bit bidirectional data bus DIO< 15:00> and the LTCLK, 
128, RD, SCR, OL, PE, PHI1, and PHI2 signals that control data flow on the bus. The bit-map 
interface connects to the bit-map memory planes. | 
The display interface includes the video bus and the signals that control it. The video bus 
VID < 3:0> connects to the display circuits. The control signals include the ALPHA clock pulses 
and the PHI1 and PHI2 system clocks pulses. This bus is used during screen refresh cycles. 


The instruction/data (ID) bus is used to transfer information between the video processor and 
controllers. It is used to load and read registers and to execute direct or indirect instructions. 
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Interface Connections 

The following circuit and connections are recommended for the proper operation of the 78680 
video processor. 

Power—The 78680 video processor operates with a 5 Vdc power supply. Ten of the chip pins 
connect to Vpp and one connects to Vg3. No special filtering is required. The 5 Vdc connects to the 
Vpp pins and the power supply ground connects to Vs. Pin 61 (Vg) is the voltage generator output 
and must be connected to the pin 60 (cavity) which is the substrate. 


Powerup latch—The video processor includes a circuit to ensure that the ID bus is in a high- 
impedence state during the powerup sequence. A latch is set during the powerup sequence to force 
the ID bus to this state. The deassertion of the CS signal clears the latch. 


ID bus lines—Connecting a 50-pF capacitor to ground on each ID bus line compensates for 
component variations in the interface design. Multiplane single-module systems may not require _ 
these capacitors. However, the etch capacitance to ground and to other signals should be evaluated. 
The noise margin should be limited to 0.2 V to 0.3 V. The total ID bus load capacitance should be 
less than 400 pE 
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* Programmable display resolution 

« Programmable screen synchronous interrupt 

: Displays up to 1024 by 864 pixels at 60 Hz noninterlaced 
= Supports video memory addrege Bpeceup, to 8K: me 8K 





= Up to 24 bit planes 





« Hardware raster operations—two sources, to a ckatination | ‘ - a \. a ‘ 





+ Raster operations at rates of 0.5 to 8 million ‘pixels per nea 





- Smooth scrolling of rectangular windows 





* Hardware clipping to the window boundaries 





" Hardware rotation and noninteger scaling of source 





» Hardware polygon fill with stipple pattern or solid color 
. Addressing: of piel in X- or Z-mode 


iy 








The 78690 video es ae (Adder) i is an ‘84 pidi -ZMOS VLSI chip used wrigh) the. 78680 video 
processor (V. iper) chip when building a high-performance, bit-map graphics system with a color or 
monochrome display system. The video control performs functions common-to all bit-map 
memory planes, such. as scan timing, system status generation, and memory address generation for 
screen refresh and screen updates. The video control sends commands to one or more video’ 
processor, which perform the data manipulation for each memory plane. Pig, 1 is a block 
diagram of the video control. 











TO ALL VIDEO PROCESSOR _ WRITE ENABLE PINS 
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Figure 1 = 78690 Video Control Block Diagram 
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Pin ond Signal Description 
This section provides a brief description of the input and output signals at power and ground 


connections for the 78690 Video Control 84-pin cerquad pachases The pin eee are 
identified in Figure 2 and the signals are summarized in Table 1. ce 


DAT DAT DAT DAT DAT DAT DAT |. 
02 04 06 GND 08 10 Vdd 12 14 GND Vdd 
DAT , DAT , DAT DAT , DAT DAT , DAT , PHI 


03 | 05 | o | Vdd | 09 | 11 yoy | 13 | 15 7 


'74 73 72 71 70 69 68 67 66 65 ea 63 62 61 60 59 58 57 56 55 54h 

















ah : 53 -— PHI 1 
yee di 52 }— MAD10 
ADD | A 
se | aad 51 | MADO9 
50 / MADOS 
pete : 49 MADO7 
: sisi - C.. «2 7 48 -— MADO6 | 
ADD1 81 : | : 
ADDO 82 | 47 -— MADOS5 
| 5s 83 | | 46 MADO04 
AS 84 | . . | | 
| 78690 VIDEO | 44 -— MADO2 
RD — 1 | CONTROL (ADDER) | 43 }— MADO1 
iNT —4 2 | — Ls a7 ens 
| 41 3 
Vdd 3 | | 41 iF Vad 
pe oF | TOP VIEW l fe eco eno 
eerne : l (CAVITY DOWN) | * sate 
evn call | os | 38 FORCE 
CMPSYN 6. es ce ee cf 2 a 
BLANK - 7 3 | : Hos 
SYNCR 8 a Ve 
places We 34 |— WED 
oe = 
REQ ——q 11 


12.13 14 15 16_17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32¢ 
|Gno] 1D | vda | 1D | to | vad cas PHI |SPARE] Vbb 
| cara |} 4] 6 | 4 ~ ] a 
IDCTL ID 1D ID 1D 1D GND PHI ADS SPARE WEO 
0 7 a ee 7 3 


Figure 2= 78690 Pin Assignments 
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aa Defin inition/Function 


input | Read—Indicates a read or write processor bus cycle. 





input o Initialize— Initializes the video control land proces- 
Hor bus. f | | 





10 INT : | . ‘output | 3 Interrupt—Initiates a processor intesrupt request. 





11 REQ ’ ee output > : ; Request—Indicates a DMA access request. 





57-60 DAT<15:00> input/output D Data <5 00 >—Data bus lines 
63-66 : 
69-16 


77-82. ADD<5:0> input Address <5:0>—Address bus lines 


83 DS input —=—Ss«sdDaata strobe—Ennables data transfers on the internal 
a - ~ orexternal data bus. 


84 AS input = = — Address strobe—Initiates an interface ate én 





5 VSYNC output Vertical synchronize—A video vertical synchroniza- 
tion signal. 


6 CMPSYN output Composite synchronize—A a. composite hori- 





7 BLANK output. Blank“ A vide 20 composite blank a oes 


8 SYNCR output 








input. 









14-16, ID<7:0> — _ input/output ot 






. | input. sak isables update activity. _ 

29,30 Spare —— onnection recommended: 

3235 WE<30>_ output | | ee ‘Write enable—Enables the writing of the bit-map 
_ | ~ memory. 


36 MRD output Map read— nage a = or write aie os the bit- 
: PPO map memory. . ayy 





37, 128/16 output —— :128/ 16—Indicates a major or minor ideas mem- 


a. 
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Pin Signal Input/Output: Definition/Function ._ 

38 FORCE output Force—Enablesa down scrolling write cycle. , 

39° ss “SCROL) output Scroll—Selects refresh read memory cycles during 
| eae: . tabi aeaeg _ scrolling. 

40, MAD<10:00> outputs Memory address < < 10: 00>—Row and ieee 

43-52 eerie address lines for bit-map memories. 

53.“ PHIL | : input ~ Phase input 1—Phase 1 clock signal. 

55  PHI2 | input Phase input 2—Phase 2 clock mace 

31 Vis Not used. 

3,52,67 Vop input Voltage—Power supply 5 Vdc. 

17,23, es 

41,54 : 

461,68 GND | input - Ground—Ground reference for signals and voltage. 

13,24, | | 

42,56 

Processor Interface Signals 


Read/Write (RD)—This signal informs the video control that the processor access is a read or a 
write cycle. The processor access is initiated by the assertion of the AS signal. 

Initialize (INIT)—This signal causes the video control to be initialized to a known state. The 
processor interface becomes inactive forcing the ID ) bus drivers to a high- Laan state until the 
next SYNC signal is asserted. 

Direct Memory Access Request (REQ)—This signal provides a hardware flag for the bits that are 
enabled in the status register. The enabled bits are selected by the request register. 

Interrupt (INT)—This signal provides a hardware flag for the bits that are enabled in the si status 
register. The enabled bits are selected by the interrupt register. 

Data (DAT <15:00>)—These are bidirectional, parallel data lines, through which the video 
control interfaces to the processor. During a read operation, the bus master enables the DS input 
and the DAT < 15;00> information drives the external data bus. During a write operation when 
the DS signal is asserted, the DAT < 15:00> signals drive the internal databus. 

Address (ADD < 5:0> )—These i inputs select the video control register to be accessed. 


Data Strobe (DS)—During a registet read cycle, this signal transfers data to the external data bus. 
During a register write cycle, it transfers data to the internal data bus. 


Address. Strobe (AS)—This signal initiates a video control interfacetransfer. It. pesca a | chip 
select function and latches the information i into the addressed register. 


Monitor Timing Signals AEDS 

Vertical Synchronization (VSYNC)—This signalis is a separate vertical SYNC signal for displays that 
do not use a composite SYNC signal. 

Video Composite or Horizontal Synchronization (CMPSYN)—This signal can be programmed as 
either composite SYNC or horizontal SYNC signal. 
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Video Composite Blank Signal (BLANK)—The video control uses this signal to blank the monitor. 
System Synchronization Request (SYNCR)—The video control asserts this signal to request the 
external clock generation logic to generate a SYNC cycle. The clock logic asserts the SYNC signal 
and stops the clocks for a predetermined number of serial cycles. 

‘System Synchronization (SYNC)—The external. clock generation logic sends this ae to the 
video control and video processor to synchronize the video subsystem. This signal controls all of 
_ the timing generators on the chips. ot gbsces | | 





ID Interface Signals ao 

Chip Select Control (IDCTL)—The ID bus requires two chip select registers to allow independent 
selection of a video control for ID transactions. When the IDCTL signal is a low level, it selects the 
update chip selection register. When thi igne t is a high level, it selects the scroll « chi, 
‘register. | 

Instruction/Data Bus (ID < 7:0> \— this bus is a communications path between the video control 
and video processor. 








Memory Interface Signals 

Address Disable (ADS)—This signal is normally a low level to allow the video control to drive the 
memory interface. When this signal is high level, all update activity is stopped and all refresh and 
scroll activities continue. All update cycles on the bus are no operations (NOP) 16-bit read cycles. 
Bitmap Memory Write Enable (WE <3:0>)—These signals ermele writing to groups of four bit 
map memories. 


Memory Read/Write (MRD)—This paals ir whe a ae ora write ele, A high level indicates a 
read cycle and a low level indicates a write cycle. 


128/16 Bit-map Memory Access Width—This signal indicates the type of cycle that the memory 
interface is about to initiate. A high level specifies the start of a 128-bit major cycle. A low level 


indicates the start of a 16-bit cycle consisting of two back-to-back minor cycles. 

Force Signal for Down Scrolling Write Enables (FORCE)—TI This signal must occur during a down 
scroll to cause the write enable signals of the memory planes, with video processor chip plane 
enables, to write back the data during a scroll write-back cycle. 

Scroll Enable (SCROL)—This dened indicates which refresh read memory seicras are to be written 
back for scrolling, 

Bit-map Memory Address (MAD <10: 00 > "These lines pride thd row and column addresses 
for the bit-map memories that are multiplexed from the video control, An address is available for 
each column address strobe (CAS) pyle. : 











Clock Signals 
Phase Input 1 to Phase Input 4 (PHIL to PHI4)—These clock inputs provide the timing control for 
all operations of the video control. 


Column Address Strobe (CAS)—This input is a bit-map memory access strobe. 


Power and Ground Connections 
Power Supply (V,,)—Supplies 5-Vdc power to the 78690 video control. 
Ground (GND)—Ground reference for all internal logic except for the output drivers. 
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# Architecture Summa ry 


A typical bit-map processor system, shown in Figure 3, consists of a local processor or remote 
processor that performs DMA operations, the 78690 video control, the 78680 video processor, bit- 
map memory planes, the color map and shift register logic, and high-speed timing logic. The video 
control performs the functions that are common to memory planes which includes local processor 
interaction, raster operation computations, scan timing, system status generation, and memory 
address generation for screen refresh and updates. 


The video control communicates with the microprocessor through the microprocessor bus and 
with the memory through a display memory address bus. It communicates with the video 
processors through the instruction/data bus. 


The video control contains 64 registers that can be directly or indirectly loaded by the local 
processor to control the scan timing, refresh and scrolling operations. The registers are used to 
generate interrupts, report status, and to read and write data in the bit-map memory. They also 
communicate with the instruction/data bus. 
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Figure 3 « 78690 Typical Bit-map Graphics System Configuration — 
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The 78690 video control communicates with the processor through the data and address bus, with 
the bit map memory through the bit-map memory address bus, and ‘Sieh the 78680 video 
processors through the instruction/data (ID) bus. 


The local processor sends the commands to the video control to update memory. The video control 
performs functions such as local processor interaction, raster computation operations, scan timing, 
system status generation, and memory address geuetaiion t to refresh and update the display, that 
are common to all memory planes. fad : 





refresh memory, and to scroll the information ¢ on n the display. “ | ; 
The want aad ¢ bus loads the registers i in the video pee with source, ‘destination, barrel 
hrough this bus. During’ a screen 
update, the new iofareatiocss is ‘eae to aa area asia During a source operation, the 
video control sends a code specifying source 1 or source 2and a barrel shift constant that shifts the 
source data to align with the destination. ‘During a a destination ‘operation, the: video control sends: a 
destination code and an edge mask i instructing the sees processes 8 ‘that specifies which bits of the 
data bus are to be written. Bok ee | 














Hardware ane 
The following paragraphs anes a brief oo of thie shee hardware block functions of hie 
video control. RefertoFigurel. 


Processor Interface—This logic receives the parameters sada oakiniilt from the local processor. 
The processor interface handles register accesses and controls timing and all: necessary bus signals 
to allow the video control to act as a bus slave to the local processor or DMA device. 


1D Control—The ID control selects the chip select as Eee determine which video processors 
will update the bit-map memory and which ones'will perform sctolling. The update process uses 
the ID data first-in/first-out (FIFO) buffer and the scroll process oe the IDS and ICS registers. 


ID Data FIFO—During the bit-map memory upda te process, the video control uses the ID Data 
FIFO buffer to transfer data to and from ~ bit maps rouge the video E ene Iti is alse used’ to 


load the video processor registers. 


X and Y Scan Logic—The X-scan circuits generate ae xX components eo ~ monitor x desta a she 
system synchronization signals, the refresh and scroll addresses, and the scroll enable signals. The 
¥-scan circuits generate the Y components for the monitor display, system synchronization signal, 
refresh and scroll addresses, and determines the active times for scrolling. = 


Sync Control—This circuit controls horizontal and vertical synchronization. 


Serial Memories—Tbe serial memory contains holds the seepmands eas ba for pdlte 
operations. be 


Main Bresenham Contsok This logic controls tl a serial oe eee computes ie ee sequence 
for raster operations. It receives command and mode information from the serial memories and 
generates status bits and control flags for the main control and address collection subsections. A 
raster operation copies a contiguous section of bit-map memory (source) into a different location of 
bit-map memory (destination). The modes of raster operations supported are normal raster 


operations (rasterops), linear patterns, and polygon fill. 























Source Generator—The source generator produces a sequence of addresses for the source data 
during raster operations. In normal mode, it traces a rectangular section of bit-map memory. In 
linear pattern mode, it loops on a small rectangle to create a tepeating pattern until the destination 
completes its operation. In fill mode, it computes the address sequence for one edge of a polygon. 


‘Confidential and Proprietary 2-37 








Destination.Generator-—The destination. generator produces a sequence of addresses for the 
destination data during raster operations. In, the normal and_linear pattern modes, it traces a 
parallelogram by drawing a sequence of arbitrarily oriented parallel lines as the origins follow a 
trajectory defined by another arbitrarily oriented line. In fill mode, one part of the generator 
computes the address sequence of the second edge of the polygon and another part of the generator 
fills the polygon by drawing lines between the two polygon edges. 


Source 2 Logic—This logic generates a second sequence of addresses for source dats. The video 
processors may access data from two sources and combine it with the destination data. Source 2 
data is generated by adding an offset value to the destination address. It can be used to generate a 
tile pattern that repeats the modulo of any power of 2 between 16 and 512. 


Index Logic—The index logic permits an offset value to be added to the source -and destination 
addresses to support the scrolling process. Scrolling is performed by physically moving data in the 
bit-map memory. When data is moved, the index may be changed so that the processor is not 
required to recompute its display list. The index logic allows data to be written into the bit-map 
memory during the scrolling process. 

Clipping Logic—The clipping logic prevents the writing to the bit-map memory Ge beyond a 
predefined rectangular window. Status is generated in the main control section to inform the host 
processor of the clipping action. | 

Barrel Shift Constant/Edge Mask Logic—This logic computes the data eats es the video 
processors. The barrel shift constant indicates to the video processor the amount of the source data 
shift necessary to align it with the destination data. Each source operation generates a barrel shift 
constant. The edge mask logic defines the left and right edges of the destination. Each destination 
operation generates an edge mask. 

Address FIFO Buffer—This buffer receives the oa tate Gat ess gidace sad Aas: for 
destination update. writes, source 1 update reads, and source 2 update reads. The FIFO wpatiplares 
this data so it is available when needed. 3 
Address Control—This logic controls the sequence of memory cycles on the memory y interface 
including the refresh (read), scroll (write), and update (read-modify-write) cycles. 


Write Enable Control—This logic controls the interface to the bit-map memories. The write 
enable logic generates the following: : : | 


- The timing signals to pass addresses from the RAS/CAS multiplexer to the memories | 
- The low 3 bits of the CAS addresses during major cycles 


: The write enable signals for the memories during both scroll and update ror au 
_ Memory operations . 


« The SCROL, MRD aiid 128/16 signal rae memory 


- The: memory interface clocks and timing from the CAS clocks 





RAS/CAS Multiplexer—This iegie combines. the X aad Y address sspeticrate shel row ae ahaa 
address for the: ais i memories. This shire also assures the passat ab oe sha 
memories. , | : , 


Pr : Functions _ 
When. the local processor or DMA controller loads the command register, the Vides, control 
executes one of the following commands: x: mag a 
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processor. - 


Raster—The raster commands are osed to initiate raster operations as defined by. the information 
previously loaded into registers. 


Processor/Bit-map ‘Transfer—These commands ate uised to to ‘transfet ate between — Local 
processor or DMA controller and the video control. - ° 





Cancel—The cancel command terminates an upd; ate operation i in n progress and clea all raster 


operation status registers. 


Modes of Operation 
The 78690 video control operates in the following, modes. 


Normal Mode—This mode is used for raster operations when source. 43 is a rectar 
destination is a parallelogram, or source 2 is offset from the destination. Source 1 may be scaled up 
or down by a noninteger. scale factor. When possible, the video control operates on the entire 
memory bus for operarions, Otherwise, it opesits on one sea at a time. This action is tpunsparent 
to the user. 


Pattern Mode—This mode is used to generate dashed lines and thick Sb aise lines « on the display: 
Scaling is possible in this mode.because the source records its own size and i is not Sepndent the 
destination. In phis mode, the video sontrol operates in slow mode. — 








es create. Gite vectors. The fast earache drawia er at n 
between the two edge vectors: However, the vectors may intersect: each other. In addition, the area 
to a baseline may. be filled so. that c one edge is a fixed Y value. ona fixed X value. The video control 
uses fast mode. for horizontal: vectors and slow. mode, for vertical vectors and the modes e can be used 


together with the fill:mode. 
Tile Mode—This mode is aes to fill intersecking jitepes so that the te 


across the intersection and applies to source 2 only. 


Register Descriptions 


The 78690 video control contains ( 64 registers that ¢ can communicate ‘with the 5 processor data/ 


on 


er. S pkecenl or. saaiee lines 

















tur tbeichis continuous 


ny 
“pte rs Ub 
a ae 


directly or indirectly daoush the sidresse counter agree 0) using an n autoincrement mode. These 
registers contain the parameters for raster operations, to set the system timing, and to control the 
sata of the video control. The Solr de seply: 











| ? ates Tee to images | a befoke acting in 





= Device coordinates ee a physical position on the screen eri 0, 0 being d the. mapper left 
corner with X increasing to the right and-Y increasing downward. —- 


» A DMA controller may load the registers so common combinations are adjacent thereby requiring 
a minimum of address register loads. 


Confidential and Proprietary | 2-39 





“78690 





Table 2 » 78690 Register Address Assignments 
Width 


Address* Name 
Control Registers 
0 __ Address counter (ADCT) 
1 Request enable (REQ) 
2. Interrupt enable (INT) 
3 Status (STAT) — 
4 Reserved for test 
5 Spare 
6 Reserved for test 
7 ID data (IDD) 
8 Command (CMD) 
9 Mode (MDE) ~ 
A Command(CMD) —~ 
Scroll Registers 
B _—_siReserved for test 
C ~ ID scroll data (IDS) 
D ID scroll command (ICS) 
E Scroll X Minimum (PXMN) 
F Scroll X Maximum (PXMX) 
10 Scroll Y Minimum (PYMN) 
li Scroll Y Maximum-(PYMX) 
12 Pause (PS) © 
13 Y offset (PYOF) 
14 Y scroll constant (PYSC) 
Update Control Registers 
15 Pending X index (PXI) 
16 Pending Y index (PY]) 
17. New X index (NXI) © 
18 New Y index (NYI) 
19 Old X index (OXI) 
1A Old Y index (OY) 
1B Clip X minimum (CXMN) 
1C Clip X maximum (CXMX) 
1D  — Clip Y minimum (CYMN) 
1E Clip Y maximum (CYMX) . 
1F — Spare — 
2-40 


15:00 | 


13:00 
13:00 
13:00 


15:00 
14:00: 


07:00 


14:00 


15:00 
15:00 


13:00 | 


13:00 


13:00 © 


13:00 
10:00 
13:00 
14:00 


13:00 
13:00 
13:00 


13:00 
13:00 
13:00 


13:00 
13:00" 
13:00 


13:00 


Function 


DMA device interface to registers 
DMA status flag request enable _ 
Interrupt enable for status flags 
Video system status 


~ ID bus data 
Command register (same as command register 


location A) 
Sets various raster operation execution or 


Command register 


ID bus scroll data — 
ID command register for scroll process 
Left boundary of scroll region _ 


Right boundary of scroll region 


Top boundary of scroll region: 


- Bottom boundary of scroll region 


Screen coordinate to set pause status 
Screen to memory coordinate offset 
Vertical scroll distance in one frame 


Pending X index 

Pending Y index 

New X index — 

New Y index — 

Old X index © 

Old Y index 

Left clipping boundary — 
Right clipping boundary | 
Top clipping boundary _ 
Bottom eipping poundsty 
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Address* Name 

Raster Control Registers _ 

20 Fast source 1 dX (ESDX)_ 

21 Slow source 1 dY (SSDY) 

a2 Source 1 X origin (SXO) 

23 Source 1 Y origin (SYO) 

24 Destination X origin (DXO) 

25 Destination Y origin (DYO) 

26. Fast destination dX (FDX). 

27 ~_— Fast destination dY (FDY) 

28 Slow destination dX (SDX) 

29 Slow destination dY (SDY) 

2A. __ Fast scale (FSC) 

2B Slow scale (SSC) 

2C Source 2 X origin (S2XO) 

2D Source 2 Y origin (S2YO) 

2E Source 2 Height and 
Width (S2HW) 

2F Error 1 (ERR1) 

30 Error 2 (ERR2) 

31 Y scan count 0 (YCTO) 

32 Y scan count 1 (YCT1) - 

33 Y scan count 2 (YCT2) 

34 Y scan count 3 (YCT3) 

35 X scan configuration (XCON) 

36 X limit (XL) 

37 Y limit (YL) | 

38  Xscan count 0 (XCTO) 

39 X scancount 1(XCT1) 

3A X scan count 2 (XCT2) 

3B X scan count 3 (XCT3) 

3C X scan count 4 (XCT4) 

3D X scan count 5 (XCT5) 

3E X scan count 6 (XCT6) 

3F Sync phase (SYNP) 

*Hexadecimal notation 
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78690 
Function 


Fast delta X for source 1 
Slow delta Y for source 1 
X coordinate of source 1 
Y coordinate of source 1 


_ X coordinate of destination origin 


Y coordinate of destination origin 
X component of fast destination vector 


_.. Ycomponent of fast destination vector 


X component of slow destination vector 


-Y component of slow destination vector 


Fast vector scale factor 
Slow vector scale factor 
Xx coordinate of source 2 





| Size er acanea 2 tile 


Error adjust for slow destination 
Error adjust for fast destination 


| Vertical timin g 





Vertical timing 
Vertical timing | 
Cycles, bus width, number of refresh rows 


~ Width limit on refresh © 


Height limit on refresh 


“"X scan count 0 


X scan count 1 
X scan count 2 
X scan count 3 
X scan count 4 
X scan count 5 
X scan count 6 
Sync phase adjustment 





Status and Control Registers : : | | 

The video control logic contains status and control registers used to initiate requests and interrupts, 
report status, select modes of operation, and initiate command functions. These registers are de- 
scribed in the following paragraphs. The status and control register formats are shown in Figure 4. 


[0] 





DATA (BIT15 = 0) 
ADDRESS (BIT15 = 1) 


ADDRESS COUNTER 





NOT USED . REQUEST ENABLE STATUS 


REQUEST ENABLE REGISTER 





NOT USED INTERRUPT ENABLE STATUS 


INTERRUPT ENABLE REGISTER 





15 14 13 12 11 10 09 =—s«08 07 06 05 04 03 02 01 00 





NOT USED 


VERTICAL BLANK 

CLIPPING WINDOW DETECT 
CLIP AT RIGHT BOUNDARY 
CLIP AT LEFT BOUNDARY 
CLIP AT BOTTOM BOUNDARY 
CLIP AT TOP BOUNDARY 

ID SCROLL DATA READ 

ID DATA TRANSMIT READY 

ID DATA RECEIVE READY 
ADDRESS OUTPUT COMPLETE 
RASTEROP COMPLETE 
RASTEROP INITIALIZATION COMPLETE 
SCROLL SERVICE 

PAUSE COMPLETE 





STATUS REGISTER 


Figure 4 = 78690 Status and Control Register Formats 
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Preliminary 78690 


im | 





ID BUS DATA 


ID DATA REGISTER _ 





ABA 0 Age Aas Me 10: SUD 0 Fag oct del a wet ty ate Be OO 
(8) | 





test | |.  |SELECTFUNCTION == IDCOMMAND 





RESERVED 

SOURCE 2 ENABLE 
SOURCE 1 ENABLE. 
DESTINATION ENABLE 


COMMAND REGISTER 





15 08)? 06 05. 04 03 02 01 .. 00 


[9] 





I eel 
| NOT USED MODE 
PEN UP/DOWN —— . 

DESTINATION INDEX ENABLE/DISABLE — 
SOURCE 1 INDEX ENABLE/DISABLE: 

HOLE FILL ENABLE/DISABLE 

FILL NORMAL/BASELINE — 

FILL AREA SCAN X/Y AXIS 


MODE REGISTER 





. (SAMES AS [8] COMMAND REGISTER) 


COMMAND REGISTER 


Figure 4 = 78690 Status and Control Register Formats ( Continued) 
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[0] Address Counter—The address counter (ADCT) provides indirect a access to the video control 
registers and is used with standard DMA controllers. The register information is described in Table 3. 


Table 3 = 78690 Address Counter Description 


Bit Description 
15 ~—“ Data Function—During write operations, this bit is set to cause the following: 


Bit 15 =0: The data in the counter is transferred to the register selected by the counter and 
the counter is incremented. 


Bit 15 = 1: The low 6 bits of data replace the original contents of ie address counter with 
the following exception. If the address counter is pointing to either the ID data register 
(IDD) or to the ID scroll data register (IDS), the most significant bit of the data is ignored 
and all 16 bits are loaded into the appropriate ID register and the counter is incremented. 


When reading the address counter, the register that the contents of the address counter 
points to is accessed and the counter is incremented. The INIT signal clears the counter. 


14:00 Data/Address—Contains data in bits 14:00 if data function bit 15=0 and address 
information in bits 06:00 if data function bit 15 = 1. 


[1] Request Enable Register—The request enable (REQ) register is used to select any of the 
corresponding 13 bits of the status register to be enabled to assert a request. When a status 
condition sets a bit in the status register, a request will be generated if the corresponding request 
enable bit in this register is also set. The DMA controller normally sets a request bit one at a time as_ 
it waits for the specific event to occur. The register information is defined in Table 4. 


Table 4 = 78690 Request Enable Register Description 
Bit Description 
15:14 Notused 


13:00 Request enable—Each bit corresponds to a bit in the status register. When a request bit is 
set, a request (REQ) signal is generated when the corresponding bit in the status register is 
set. The request register allows a DMA controller to control data and request status. 
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78690. 





[2] Interrupt Enable Register—The interrupt (INT),.enable register is used by the local processor to 
select any of the corresponding 13 bits of the status register. When a:status condition sets a bit in 
the status register, an’interrupt will be generated if the corresponding interrupt enable bit in this 
register is also set. The ees information i is cue in ible > 5. 


Table 5 + 78690 0 Ea able Registe 





Bit Desctipition * 





15:14 Notused 


13:00 Interrupt able (NT) —Each bit Sy toa bit | in aie status register. When a 
interrupt enable bit is set, an interrupt request. (INT). signal i is generated when the 
| corresponding. status condition causes the status bit to be set. The interrupt enable 

_ register provides the loral PraCHaPOr R with j ingereupt conditions. | 





[3] dune Register—The status (stan) register is a dred Silly xe register shat provides tnidications of 
the internal progress of the video control. The register information is described i in ‘Table 6. 





Table 6 78690 Status Register Description 





15:14 ‘ Not ed 





13. Vertical blank This biti is set at tthe « start of the vertical blank iigiiiniers cleared by 
writing 0 to this bit position, 


12 Clipping window detect—Set Suite a destination write eyes to 5 inakicaite that part of a 
raster operation was inside the ctPeine 3 ngle. Clear aes id = a zero to this bit 
position. > | ; . 





11 Clipped right poker SEE -aiing: a Saionia write ga to indicate that part of a 
raster operation was clipped at the right boundary. Cleared by writing a zero to this 
position. 


10 Clipped left boundary—Set during a destination write cycle to indicate that part | of a 
raster operation was clipped at the left boundry. Cleared by writing a zero to this position. 





09 Clipped bottom boundary—Set during a destination write cycle 1 to ‘indicate that part ofa 
raster operation was clipped ; at the bottom boundary. Cleared by writing a zero > to > this 
position. | 





08 Clipped top boundary Se acne a cern write ole to criicaee that part of a 
faster operation was clipped at the top pence Cleared by writing a zero to this 
position, ; 


07 _ ID scroll nash by ie video Sel hea a new Suns word can i= loaded i into the ID 
scroll data register. Cleared by the ID command to the ID scroll command register. 
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Table 6" "78690 Status Register Description ae +s sid: 





06 


05. 


04 


02 


01 


00 


ee ID daca transmit ready—Set to indicate that data. can be loaded) into ree ID Fine aise 
during an ID command. Cleared when the new ID data command is loaded. This bit is 


also set at the completion of a Cancel command to indicate that the ID FIFO buffer is. 
clear to load another command. The Cancel command initially clears this bit. When a 
raster operation or PBT command is not in progress, a the ID data register or 


asserting the INIT signal will set this bit. 
ID data receive ready—Set when the ID ae FIFO buffer i a word to be read. This bit is 


cleared when the FIFO buffer is empty; when a raster operation, PBT, or cancel command 
_ is loaded into the command register; or when bus initialization occurs. 


Address output complete—Set when all addresses calculated by pending raster operations 


or PBT commands have been used indicating that update parameters’ such as clipping 


boundaries, indexes, ID data, or other commands can be loaded. During a bit-map to 
processor (BTP) commands, this bit is set when the IDD FIFO buffer is empty. It is also set 
by the cancel command or INIT signal. Cleared by loading any raster operation or PBT 
command. 


_ Raster operation complete—Set at the completion of raster operations or PBT address 


calculation when no further command is pending. It indicate that other raster operations 
can be loaded such as dX and dY pairs, source 2, or scale factor, that the mode register can 
be loaded, or that a new but not different raster operation can be initiated. It is also set by 
the Cancel command or INIT signal. Cleared _ saan any raster operation « or PBT 


~ command. 


Raster operation initialization ee Set at ee ae of the initialization of a 
raster operation or a processor-to-bit-map transfer. It indicate that the source 1 origin, the 
destination origin, or a new but not different raster operation command (except PBT 
command) can be loaded. It is also set by a Cancel command or the INIT signal. Cleared 
by loading a raster operation or PBT command. 


_ Scroll service (frame sync)—Set at the start of frame array new scroll parameters can be 


loaded. Cleared by writing a zero to this bit. 


Pause complete—Set when the screen refresh process reaches a xy eis of device 


; coordinates in the pause register. Cleared by. blade a zero to this bit. 


[4] Test Register —Reserved = test purposes. 

[5] Spare Register—Not used. | : 

[6] Test Register—Reserved for test purposes. 

[7] ID Data Register—The ID data (IDD) register is ne ID data bus port from the six-word FIFO 
buffer. During PBI at al data i is oT between i Peso and bit-map memory 
through this register. : 

[8] Command Register—The command (CMD) register is used for all oni’ by the update 


process and can be accessed from either address (8). or Al (hexadecimal). The register information 
is Wesctibed i in’ witable: a | php oie 
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Table 7 » 78690 Command Register Description 
15:13. NOP(No operation) —Reserved and test functions as ermaud 


Bit 15: Reserved and normally zero 
Bits 14:13: Test and normally zero 





12 S2E (Source 2 enable) —Second source enable TSUTee 





11 S1E (Source 1 enable)—First source enable ; * ie | i: ; a 7 ee 
10 —« DTE (Destination enable)—Enable the destination. _ Te ke: 





09:80 (FUNC) Select Function—Selects the fanerion 7 i al as follows: 
Bit Function 
09 08 , bags | 
0 0 Cancel alla active sand pending commands 
0 1...  IWcommand: La 
1 0 __ Raster operation sicehameecel 
1 © 1+ | «Processor bit-map (PBT): ran 


07:00 ID command—Contains the opcode and ad = Fi D co 





[9] Mode Register—The mode (MDE) register sets the raster: 6peration execution ‘modes. The 
register information is described in Table 8. 





15:08 Notused 


07 Pen up/dn—Selects the pen position as follows: 
Bit 7=0: pen up to disable writing 
Bit 7 = 1: pen down to enable writing 
06 Destination indexing—Controls the indexing of the destination as follows: 
Bit 6=0: disable 
Bit 6= 1: enable | 
05 Source 1 indexing—Controls the indexing of source 1 as follows: 
Bit 5=0: disable 
Bit 5= 1: enable 
04 Hole fill—Controls the hole fill operation as follows: 
Bit 4=0: disable (normal single pixel wide destination) 
Bit 4=1: enable (all other destinations) 
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02 


01:00 





Pi li: it , 


Description ASAE SES OS Ao ae : : 
Fill area—Selects the fill area as follows: 


Bit 3=0: Normal two-edge fill _ 

Bit 3 = 1: Fill to a vertical or horizontal base line Gepending.< on fies scan dreccd of ae 
previous bit. 

Fill area scan axis—Selects the fill area to be scanned as follows 

Bit 2=0: Scanned parallel to the X axis 

Bit 2= 1: Scanned parallel to the Y axis 


Mode—Selects the operating mode as follows: — 


Bit a ~Mode 

01 00 

0 0 Normal: Source 1 is a scaled pestis area. 

0 1 Reserved 

1 0 Linear pattern: Source 1 is from the dX and dY registers. 

1 1 Fill: Destination slow generator computes the “A” edge vector. Source 


1 generator computes the ‘“‘B” edge vector and the video control fills 
the space between the vectors. 


[A] Command Register—The functions of this command (CMD) register are the same as the e) 
Command (CMD) register. es ag 


Scroll Registers 

The scroll registers determine the scroll activity on the display. During active scrolling operations, 
the scroll registers must be loaded by the scroll process before the start of the vertical blanking. The 
video processor performs various functions during the vertical blanking depending on the type of 
scroll ety pending for the next frame. The scroll ee formats are shown in Figure : 
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SCROLL PROCESS DATA 


ID SCROLL DATA REGISTER 





iD SCROLL COMMAND 


ID SCROLL COMMAND REGISTER 





NOT USED _  KEFT BOUNDARY VALUE 


SCROLL X MINIMUM REGISTER 





NOT USED | | RIGHT BOUNDARY VALUE 


SCROLL X MAXIMUM REGISTER 





15 «14—~CO18 | ke eee ee 00 


Nn RNs? 
NOT USED TOP BOUNDARY VALUE 


SCROLL Y MINIMUM REGISTER 





Figure 5» 78690 ID Scroll Register Formats 
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Preliminary 78690 





NOT USED : BOTTOM BOUNDARY VALUE 


SCROLL Y MAXIMUM REGISTER 


1§ 12 11 10 00 


Se ae Se ee a eee Eee aT 


“NOT USED COORDINATE FOR PAUSE STATUS 
PAUSE REGISTER 


[13]. 





NOT USED SCREEN-TO-MEMORY OFFSET 


Y OFFSET REGISTER 





[14] 





NOTUSED | SCROLL MAGNITUDE 


NORMAL/ERASE 
SCROLL DIRECTION 


Y SCROLL CONSTANT REGISTER 


Figure 5 = 78690 ID Scroll Register Formats (Continued) 


[B] Test Register—Reserved for test. 


[C] ID Scroll Data Register—The ID scroll (IDS) data register contains the data to be transferred to 
the ID bus during the scroll process ID commands. 


[D] ID Scroll Command Register—The ID scroll command (ICS) register is the ID command 
register for the scroll process. Commands are ac eaiion through this register without interfering 
with update activities. , 
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[E] Scroll X Minimum Register—The Scroll X minimum (PXMN) register information determines — 


the left boundary of the scroll region and specifies the left-most pixel. The X boundary may only be 
specified to a multiple of four pixels. The scroll boundaries are not affected by index values and the 


register is double buffered SO that the values loaded become active at the start of the eeeelead 


frame. 


[F] Scroll X Nisinaes Register—The Scroll X maximum (PXMX) register information determines 
the right boundary of the scroll region. The scroll boundaries are not affected by index values and 
the register is double buffered so that the values loaded become active at the start of the following 
frame. 


[10] Scroll Y Minimum Register—The Scroll 'Y minimum (PYMN) register information determines 
the the top boundary of the scroll region. The scroll boundaries are not affected by index values and 
the register is double buffered so that the values loaded become active at the start of the following 
frame. 

[11] Scroll Y Maximum Register—The Scroll Y maximum (PYMX) register informatiom deter- 
mines the bottom boundary of the scroll region. The scroll boundaries are not affected by index 
values and the register is double buffered so that the values loaded become active at the start of the 
following frame. 

[12] Pause Register—The pause (PSE) register contains a value that specifies which scan, when 
displayed, will cause the pause complete (bit 0) of the status register to be set or a second pause 
event to be queued. This register is double buffered so that the new value loaded — at the start 
of the following frame and continues through the frame. 


[13] ¥ Offset Register—The Y Offset (PYOF) register contains the value when is to si device 
coordinates become the memory coordinate ranging from 0 to height of display portion of the bit- 
map memory. This value is the same as the value stored in the Y limit register minus 1, The register 
is double buffered so that the values loaded become active at the start of the following frame. 
[14] Y Scroll Constant Register—The Y Scroll Constant (PYSC) register specifies the magnitude 
and direction of the vertical scroll in one frame time. The vertical distance specified by the value in 
this register and the horizontal distance specified by the value in the scroll constant sae of the 
78680 video processor will be scrolled. The register information is described in Table 9. . 








____Table 9- 78690 Y Scroll Constant Register Description 
Bit Description | 
15:14 Not used 


13 | Normal/Erase— Specifies the sell condition as follows: 


Bit 13=0: Normal scrolling _ 
Bit 13=1: Erase mode | 


12 Scroll direction—Specifies the scrolling direction as follows: 


Bit 12=0: Up, left, or right scrolling 
Bit 12= 1: Down scrolling. 


11:00 Magnitude—Determines the andened vertical [magnitude a the scroll. 
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Preliminary 78690 


Update Control Registers : - : 
The update control registers, shown in Figure 6, contain cae aloes that are idded to the raster 
operation addresses to adjust the addresses for scrolling and to specify location of the regions on the 
display. The pending values are automatically loaded into the new registers at the start of the next 
frame. If no scrolling takes place, the loading of the registers is not required. The pending register - 
values are loaded first, followed by the new values, and then the old values. 


[15] 














NOT USED X-INDEX VALUE 
PENDING X INDEX REGISTER 
15 14 13 00 
NOT USED Y-INDEX VALUE 
PENDING Y INDEX REGISTER 
[17] 
NOT USED X-INDEX VALUE 
NEW X INDEX REGISTER 
15 14 13 2 fh" 90 
NOT USED Y-INDEX VALUE 


NEW Y INDEX REGISTER 





Figure 6« 78690 Update Control Register Format 
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NOT USED X-USED VALUE 


OLD X INDEX REGISTER 


[1A] 





 OLDY INDEX REGISTER 





SS eh ae 






j 
1B | . | A ae ae 
| % 7 ‘ : # & F . £ Boog e the d phe * ae y oe ie 
| y 4 : eee ‘ f.% on we Sg ce 7 ae, % : q : pee | if o's ed : 
; = 





NOT USED ~_X-MINIMUM CLIPPING BOUNDARY VALUE __ 


CLIPXMINIMUM REGISTER gh 





(1C] 





NOT USED X-MAXIMUM CLIPPING BOUNDARY VALUE 


Phe? a i 





CLIPX MAXIMUM REGISTER. 


[1D] 





NOT USED Y-MINIMUM CLIPPING BOUNDARY VALUE 


CLIP Y MINIMUM REGISTER 


[VE] 





NOT USED Y-MAXIMUM CLIPPING BOUNDARY VALUE 


CLIP Y MAXIMUM REGISTER 


Figure 6 = 78690 Update Control Register Format (Continued) 
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“saree 


nding X Index Register—The pending X index (PX1) register contains the X index val 
the next frame. 
[16] Pending X Index Regist 
the next frame. 
[17] New X Index Register—The new X index (NXI) register contains the new X index value that 
applies to the data that has been moved during the current frame. 
[18] New X Index Register —The new Y index (NYI) register contains the new Y index value that 
applies to the data that has been moved during the current frame. 
[19] Old X Index Register—The old X index (OxD register contains the old x index value that 
applies to the data that not been moved. 


[1A] Old Y Index Register—The old Y index (ov register contains os old X Pare that soilies to 
the data that has been moved during the current frame. 


[1B] Clip X Minimum Register—The clip 4 minimum (CXMN) register contains the X minimum 
value of the left clipping boundary, oa value is a —— Ona and not a by the index 
values. © | 








, —The pending Y index (PYI) fegister contains the Y index value for 


[1C] Clip: X Maximum Register —The clip X maximum (CXMX) register contains the X maximum 
value of the right clipping boundary. The value i isa device coordinate and not affected by the index 
values. 

[1D] Clip Y Minimum Register—The clip Y minimum (CYMN) register contains the Y minimum 
value of the top clipping boundary. The value is a device coordinate and not affected by the index 
values. 

[1E] Clip Y Maximum Register—The clip Y maximum (CYMX) register contains the Y maximum 
value of the bottom clipping pounce The value is a device coordinate and not affected {by the 
index values. 


Raster Operation Control Registers 


The raster control registers, shown in Figure 7, are used to control the raster by selecting fast and 
slow operations, the source and destination origins, and scaling. 
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NOT USED ‘DELTA X VALUE 


FAST SOURCE 1 DELTA X REGISTER 





[21] 





NOT USED DELTA X VALUE 


SLOW SOURCE 1 DELTA X REGISTER... 





[22] | 





NOT USED X-COORDINATE VALUE 


DOUBLE T A OAIGIN REGISTER 





15 14 #13 #12 «41-10 ,. 089.. 08 07..,06 05 04 03 02 #1 00 


[23] 





NOTUSED  .._.. | _...,. YeCOORDINATE VALUE 


tee ha ee hcl ie) 





ace? 


sige 


[24] | 


-NOTUSED -— X-COORDINATE VALUE _ 


DESTINATION X ORIGIN REGISTER 





‘Figure 7» 78690 Raster Operation Control Register Format 
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- 78690 












NOT USED —  ¥COORDINATE VALUE 


DESTINATION Y ORIGIN REGISTER 





“NOT USED . . _ X-COMPONENT ~~ 


FAST DESTINATION DELTA X REGISTER 





15 14 #813 12 11 10 09 08 07 06 05 04 03 02 01 00 


[27] 





NOT USED Y-COMPONENT 


FAST DESTINATION DELTA Y REGISTER 





NOT USED X-COMPONENT 


SLOW DESTINATION DELTA X REGISTER 


[29] 





NOT USED | | Y-COMPONENT _ 


SLOW DESTINATION DELTA Y REGISTER 








[2A] | 


NOT USED ane i, _ MECTOR SCALE FACTOR 


FAST SCALE REGISTER 





Figure 7» 78690 Raster Operation Control Register Format (Continued) 
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NOT USED VECTOR SCALE FACTOR 


SLOW SCALE REGISTER 


[2C] 





NOT USED | | mo __ X-COORDINATE : 3 


SOURCE 2 X ORIGIN REGISTER 





[2D] 








NOT USED ~  ¥sCOORDINATE ~ 


SOURCE 2 Y ORIGIN REGISTER 





[2E] 








NOT USED of ol oan Bi “TILE HEIGHT “TILE WIDTH _ 


ENABLE/DISABLE 
RESERVED 


SOURCE 2 HEIGHT AND WIDTH REGISTER) 








NOTUSED ~— ERROR ADJUSTMENT VALUE - 





[30] | 


NOT USED ERROR ADJUSTMENT VALUE 


ERROR 2 REGISTERS 


Figure 7 = 78690 Raster Operation Control Register Format (Continued) 
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[20] Fast Source 1 Delta X Register—The fast source 1 delta X (FSDX) register contains the value 
for the fast + or-delta X for source 1. 


[21] Slow Source 1 Delta Y Register—The slow source 1 delta Y (SSDY) register contains the eile 
for the fast + or-delta Y for source 1. 

[22] Source 1 X Origin Register—The source 1 X origin (SX0) register contains the value for the X 
coordinate of sourcel. > 

[23] Source 1 Y Origin Register —The source 1 Y origin (SY0) register contains the value for the Y 
coordinate of source 1... | 

[24] Destination X Origin Register—The rane x origin (Dxo) register contains thi value 
for X coordinate of the destination origin. 

[25] Destination Y Origin Register—The destination a origin (Yo) register contains {the value 
for Y coordinate of the destination origin. This value can be a device or world coordinate 
depending on the destination selected for the index mode. 

[26] Fast Destination Delta X Register—The fast destination delta X (FDX) register contains the 
value for the X component of the fast destination vector. 

[27] Fast Destination Delta Y Register—The fast destination delta Y (FDY) register contains ‘ihe 
value for the Y component of the fast destination vector. 

[28] Slow Destination Delta X Register—The slow destination delta X (SDX) register contains the 
value for the X component of the slow destination vector. 

[29] Slow Destination Delta Y Register—The slow destination delta Y (SDY) eae contains the 
value for the Y component of the slow destination vector. 

[2A] Fast Scale Register—The fast scale (FSC) register contains the fast vector scale factor for 
source 1 and destination in normal and linear pattern mode. Bit 13=0 selects upscaling and bit 
13 =1 selects downscaling. The binary point precedes bit 12. | 

[2B] Slow Scale Register—The slow scale (SSC) register contains the slow vector scale factor for 
source 1 and destination in normal and linear pattern mode. Bit 13 =0 selects up — and bit 
13 =1 selects down scaling. The binary point precedes bit 12. 


[2C] Source 2 X Origin Register—The source 2 X origin (S2XO) register contains the X coordinate 
of the source 2 origin that is added to the unindexed destination origin. The source 2 X origin is 
specified as an offset from the destination. No indexing is provided and it can be used to generate 
objects that are not on the display. 

[2D] Source 2 Y Origin Register—The source 2 Y origin (S2YO) register contains the X coordinate 
of the source 2 origin. The source 2 Y origin is specified as an offset from the destination. No 
indexing is provided and it can be used to generate objects that are not on the display. 

[2E] Source 2 Height and Width Register—The source 2 height and width (S2HW) register 
_ determines the size of the source 2 tile. The register bits are defined in Table 10. 
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15:08 _ a ie 
Destination address bit function—Selects the destination address bits as follows: 


Bit 7=0: High bits of destination are truncated before adding to source 2 origin. 
Bit 7 = 1: All destination address bits are added to source 2 origin. 


06:04 Tile height ie se i tile height E H=0to7 7 whichis is 2"* from 4 to 512. 


a 


Reserved 


02:00 Tile width (W)—Selects the tile width. W =0 to-7-w — aus. from 4 to anh The tile 


width must not be set to less than the bus width. 


[2F] Error 1 Register—The e error 1 (ERR1) register contains the error adjustment vector added 
during raster initialization for the slow destination (B side) fill mode. 


[2F] Error 2 Register—The error 2 (ERR2) register contains the error adjustment vector added 
during raster initialization for the fast destination in normal and linear pattern mode and for the 
source 1 (B side) in fill mode. 


Screen Format Control Registers a : 
The screen format control registers, sth in + Figuze 8, atest the wereal - horizontal eunine 
events, number of read cycles, bus width, and refresh rows. anon 


[31-34] | 






rent ae og: renee cea cae 
VERTICAL EVENT ~ 


RESERVED - 


Y SCAN COUNT 0 THROUGH 3 REGISTERS 


15 09 08 07 06 05 oo 


[35] 











NOT USED BUS WIDTH NUMBER OF READ CYCLES 


MEMORY CONFIGURATION 


X SCAN CONFIGURATION REGISTER 


Figure 8 = 78690 Screen Format Control Register Format 
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15 #14 «+13 «12 «411 +~«=©10~-«09Ss—«iOBssCisisC<C«~i OH tiHsC‘“i BSC O80 





NOT USED WIDTH LIMIT 


X LIMIT REGISTER 














(37) | 
NOT USED HEIGHT LIMIT 
Y LIMIT REGISTER 
[38-3E] | 
RESERVED EVENT | TIME OF EVENT | 
PROGRAM BIT | 


X SCAN COUNT 0 THROUGH 6 REGISTERS 








NOT USED PHASE ADJUSTMENT VALUE NOT USED 


SYNCHRONIZATION PHASE REGISTER > 


Figure 8 = 78690 Screen Format Control Register Format (Continued) 
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seaal blank time, - net vt increasing time. If the oi pete is an per aiahbed fi major 
cycles, the vertical period must be set for an even number of scans in a frame. Table 11 describes the 
function of the register information. 








Bit Event 


Set vertical blank high. 
Set vertical sync low. 


3 2 Jibei oe 
0 0 End vertical period. Set vertical blank low i in the following s scan. 
0 1 Se : 
1 0 
1 1 Set ili vee einen 












sd , which ch is set t to. t th e t umb f scans ir in a aframe minus 


(in scan), cat ie vertice a il period 
one. | 
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[35] X Scan Configuration Register—The X scan configuration (KCON) ‘egister determines the 
bus widths, the number at real ein and the reethony assniaarai [he register information is 
described in Table 12 Eeyhrse , fon gh gous ohaeid lest «an 





Table 12 » 78690 X Scan sinha cla Register sat Sak 


Bit Description _ 
15:09 Notused ; 
08 Memory configuration—Controls the number of row addresses Seeiek on peach scan. 


07:06 Bus width—This mode is programmed in the video control and video processor before a 
bitmap memory access is performed as follows: _ 


Bits Bus width 
7 6 

oO 0 4-bit — 

0 1 8-bit 

1 0 undefined 
1 1 16-bit 


05:00 Number of read cycles—The number © major a ie ised for oa scan. normally set 
> to the smallest i integer greater than or equal to the number of pixels to be displayed on 
each scan divided by 128, 64, or 32 in the 16-, 8-, or 4 bit bus width h mode, calabaes 


[36] X Limit Register—The X limit (XL) register selects the width of the memory t al will be read 
during the refresh process, This value must be the number of read cycles in the X scan 
configuration register multiplied by 128, 64, or 32 in 16-, 8-, or 4-bit bus width modes , respectively. 


[37] Y Limit Register—The Y limit (YL) register selects the height of memory that will be read 
during the refresh process. This value is set to the memory height plus the number of extra scans 
required during down scrolling. 

[38-3E] X Scan Count Registers (0-6)—The X scan count (XCTO through XCT6) registers are used 
to program most of the horizontal timing events such as horizontal blank time. Each register 
determines the time of one horizontal event and the events are stored in the order of increasing 
time. The information in the register is defined in Table 13. 
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DD Reserved—Reserved f is test. an 7ex0) alts ce ee 
14 Program bit—Set to one in the X scan count fegister following the scan count oe 
| | nae contains the s sync paquestc event abcd 11:13), This must be cleared in the remaining X 








13:11 - -Event—Selects the horizontal parameters a follows: 
; Event 


en ae 





rMPOoOOrrOCO f. 


- End horizontal pésiod,- 
Set sync request event. 


jjererPRrPooocog 
rOrPOCrRORO f 


1 
30:00 Time of cvene—Selecathe-siw of sae, inincsctneith Ys of ioe de fo 3s 
mien cycles that precede the start of the first ‘memory bai one a scan. The start of'a 


| beri che oc 






(3F] Sync Phase Register—T : register nc phase adjustment 
value. This is the vilon her the vide one loads into othe horizontal ee counter at each nae 
sync time-(once per frame). 


- Specifications _ 


The mechanical, electrical, and environmental characteristics and d specif ations ee the 78690 
video control are described in the following panagpephs thes test ponditianas the electrical valies 
are as follows unless specified otherwise. 


« Power supply voltage (Vpp): 5.0V +5% 








: Geis bie range (Ta): 7 70°C 


Mechanical | Configuention 
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Stresses greater than the elas maximum ratings may cause eae doris to-the device. 
Exposure to the absolute maximum mene for extended oe may peli affect the 


reliability of the device. 

- Power supply voltage (Vop): -0.5Vto6.0V 
: Input voltage applied (V,,): -0.5 V to 6.0V _ 
= Output voltage applied (V,,,): -0.5 V to 6.0 V 
: Power dissipation (P,): 3.5 W at 0°C 

= Active temperature (T,): 0°C to 70°C 

« Storage temperature: -55°C to 125°C 


Recommended Operating Conditions 
= Power supply voltage (Vpp): 5 V 45% © 
« Temperature (T,): 0°C to 70°C 





Fi Electrical Characteristics 
The dc electrical parameters of the 78690 ‘fideo control for the operating voltage and penne 
ranges specified are listed in Table 14. 


Table 14 « 78690 dc Input and eee Parameters 





voor | ‘oli "Max. seat, 
Neg High-level 2.0 = ae 
input voltage aiities 
Va Low-level | ; — 0.8 Vv 
input voltage a | — sate eed. 
Vou High-level output ie 0.2 TS , eee — WV. 
voltage Vop=OV | | eee 
Mop Low-level output = I,,=-5mA me O05 ¥ : 
_ | voltage DAT <15:00> Vp p=0V oe 
Vex Low-level output Inp=—3 mA — 0.4 Vv 
_ voltage all other outputs . re a aes 
CLK, Clock input high OO | 27 =< V 
level 
CLKy, Clock input low — 0.4 V 
level 
i Active supply Vpp = max — 0.66 mA 
current 
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la Input high leakage Vpp=max ae ~ 20 yA 
current V..= Vpp(max) 

In Input low leakage = Vpp=max — — -20. pA 

input ah Pa aoe Vin = Vpp(max) es 


current 


len 





input low leakage Vi.=0V Sega . 
current Sid 


C,, Input capacitance 7 ee ae ee. . | pF 


capacitance | 


ac Electrical Characteristics 

The ac timing parameters for the 78690 video control are grouped according to clock input, 
processor interface, instruction/data bus, memory interface, and monitor timing and synchroniza- 
tion request. Table 15 lists the ac input specifications. 


Thble 15 « 78690 ac Test Limits and Specifinton | 


Symbol Definition “Units 





c Input capacitance | 4 SUT ger pp ee! 
C, Input/output capacitance Peaks Benen ie Ree I Be 
eS Input signal risetime __ Louie oe ae 

te  Inputsignalfalltime == CE EO nw 


The following coiiditions re to die ac test 1 Genet tibiis ubibidg olbctWite porn: 


: The delay times extend from the 1.5 V level of the 2S ciate to the Vou ot Vo. level of the 
measured signal. 


: The rise times are measured from the 10% to 90% level of ‘the a transitions. Fall times are 
measured from the 90% to 10% of the signal transitions. 


- The measurements are with a 50 pF capacitive load on the outputs. Exceptions to this are é copes 
ID <7:0> that have a 500 pF load, and DAT < 15:00> that have a varying load up to 500 pF. 
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— Clock Input Timing | 
The ac input parameters for the ce input clock es PHI Asset PHI4 and the CAS signal 
are shown in oda 9. oe parameters are defined in ‘able 16. | 


tc12PR 
tc12Pw 
PHI1. 


tc12NO ) 
; tc12PW | 
PHI2 | 





Figure 9 = 78690 Clock Input Timing 


Table 16 » 78690 Clock Input Timing Parameters 


Symbol Definition = Requirements (8) 
| Min. Max. 
tous Period of PHI and PHI2 228 = 684 
tow PetiodofPHI3andPHI4 414 342. 
tecrrn Period of CAS ; cane BOO ce OE 
teuw  PulsewidthofPHIlandPHI2 = 855 — 
toww PulsewidthofPH3andPHI4 285. — 
tepw PulsewidthofCAS = © 25 — | 
te*  Risetimeof PHI1,PHI2,PHI3,PHI4,CAS) i iti t—<“<‘—«i~—~SSCSOCS 
te*  FalltimeofPHI1,PHI2,PHI3,PHI4,CAS i (te t”ti<CSCNCS 
too NonoverlaptimeofPHI3,PHI4 (tS 
tom LowtimebetweenCASpulses ss (si‘e!t!*!*”*”*”*”*!*C*CSTCOCO*~‘<‘( 


*Rise time is measured from 0.4 V to 2.7 V; fall time, from 2.7 V 10 0.4. 
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The processor ec in is shown in ee 10 and the parameters listed on the digit are 
defined in Table 17. . 


TM occ 


tinpw tinas | 


.AD(05:00) 


RD 


DATA (WRITE) 





DATA (READ) 


Figure 10+ 7 8690 Processor Interface Signal | Timing 





‘Table 1 17 = 78690 Processor i Timing =a ms 1 1 ze ig ic x 


Ticks The time that the AS input must not be asserted pe (cu eae ae nae rr 7 
before being reasserted. 4 Oe) ee a ee 





tassy Setup time for valid input data on the ; 
ADD<5:0> meantime bshicge hr eS ae 2 rR aa ae 
the AS input. ee ee 


taspw -—- Pulse width of the AS input if the DS i input is not weterl goles 
asserted. 5 180 9 21805.) eee 


tasmp Hold time for valid input data on the ADD <5:0> 
after the falling edge of the AS input. 40 40 — — 


tasps The time from assertion of the DS input to deasser- 
tion of the AS input. 140 75 ma ares 
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Symbol Definition | | Requirements (ns)* 
Read Write Read Write 





— Setup time for valid data on the DAT < 15:00> 
inputs relative to the falling edge of the DS input 
during bus write operations. — 0 — —_ 


tpspw _— Pulse width of the DS input. | 140 >, — ~~ 


tapps Lhe time for valid input on the RD input oe 
the assertion of the DS input. 30 30 — — 


tosen Hold time for the RD input after the falling edge of 
the DS input until the deassertion of the DS input. 40 460 — — 


tomp Hold time for valid data on the DAT<15:00> 
inputs after the falling ete 2 of DS input during bus 
write operations. = 40 — — 


tovon Delay time for valid data on the DAT<15:00> 
outputs relative to the falling edge of the DS input 
during bus read operations with a 50-pF capacitive 
load on the outputs. — — 140 — 


ee Delay time for valid data on the DAT < 15:00> 

outputs relative to the falling edge of the DS input 

during bus read operations with a 500-pF capaci- | 

tive load on the outputs. : — — 410 — 
tpvor Hold time with previous data valid on the 

DAT < 15:00> outputs after the rising edge of DS 

during bus read operations 0 — 50 a 


ee The time from deassertion of the INIT input to the | 
assertion of the AS input. ~ 100 100 — — 


tiwewt Pulse width of the INIT input. xt 12x ee ee 


tanor. The time from assertion of the AS input to deasser- 
tion of the DS input. 180 135 at vee 


tasov Delay time for valid data on the DAT <15:00> 
outputs relative to the falling edge of the AS during 
bus read operations. _—_  — 180 — 


*Timing is measured at the Voy and Vo, levels 

ttpvona = tpvon +60 ns per 100-pF capacitance additional loading. (Intermediate v values may ee 
calculated.) 

tThis parameter is 12 x t where t = PHI1 or PHI2 clock period. 
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Instruction/Data Bus Timing unl commons! vawnobe 
ee ene arameters si 





INSTRUCTION LOW BYTE DATA INSTRUCTION 


PHI2 








| SUB INSTRUCTION 
-PHIT SS ! 
tcpv 


THREE-STATE | 


1D(07:00) 
TRANSMIT 





tez 






tcpv 
THREE-STATE | 









| ON + Fe Oe Ue ee 








1D<07:00) 
RECEIVE 






DON’T CARE 








ID BUS | 
CYCLES 


relative to the rising edge of i PHIL yaaprey A input. a — 60 
te* per time from the falling edge of the PLA and PH] 2Ai input to 





tecss With previous Podioat ‘data valid, te is s the nin ; n TG time 
on the IDCTL output relative to the rising edge of the PHI1 Fa - 
signal. (PHI1 B is used but time is re’ eferenced tothe PHI1 signal.) 


Maximum delay time for valid data on the IDCTL utput 
to the PHI1 B signal: going high. Hat, Bi is used. 













referenced to the PHI1 signa.) yal Bie TS 


tte is measured from the deasserted level of the 1.5-V Jock mice re rea nce level of 
the ID bus. 
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Memory Interface Timing : 3 
Figure 12 shows the memory interface signal timing and the timing parameters.a are sania in 1 Table 19. 


CAS TIMING 








CAS 





‘CAD K 


tCAH = be— 


WE (03:00) 
SCROL 
MAD(10:00) 





[an] 


PHI 2 TIMING 


MEMORY MAJOR CYCLE — iY = MAJOR CYCLE | 





eal Saal MINORCYCLE °° | MINORCYCLE si} MINOR CYCLE 
oe A sacdiGricast seen cae ; - 
PHI 2 zzz: 
teen 
‘CCH 


BACE Se, —— 
FORCE — Mole LU VALID VALID 


— terp: vues — tcrD—> ee 
; Beare tcrH ee teh = tCRH . 


PHI 1 TIMING 








Figure 12 + 78690.Memory Interface Signal Timing 





Table 19- 78690 Memory Interface Timing Parameters 


Symbol Definition BORE, oe Eek SITS ee Be ote ~ Requirement (ns) 











tcax ‘The delay time that the previous output of the MAD< 10;00>, 
— WE<3:0>, and SCROL sienals is valid after the rising aa: of — ; 
the CAS input, ie 8.0 Rey 


teap The delay time fox valid outputs of. the MAD < 10: 00> >, WE, and hy 
_ SCROL signals after the rising edge of the CAS input. © : ; * ap 








tccn The delay time that the previous output of the ii and FORCE. 
= is valid after the Sa B edge ¢ of PHI2 A i alah Pash ashe 5.0. ao 
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a ee delay time for valid output ou the ster bed and FORCE are 
OO ae the rising edge of the PH ) 






The setup time for. a, 1 input of the ADS signal rel: 
__ falling edge of the PHI2 B BDU S195 10 FLL 


tam 


Seana } 





Dunn the syieiaenteation interval, the PHI1, , 


timing and the patamesil ers are — \ 
SYNC request from the Video contre 





SYNCR 
= : VRTSYN =_— 


“tvRTH 
tVRTD 


PHI 1/2 
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Tabl 20 = 7§ 78690 Monitor and Synchronization Request Timing Parameters. i. 








Symbol Definition 


tempH | 


tsysu 


The delay time for valid output of the VSYNC or SYNCR R signal ib 


relative to the rising edge of the PHI1 or PHI2 input. 


~The delay time that the previous output of. the VSYNC or SYNCR. 
_ Signals is valid relative to the rising edge of the PHT1 or PHI2 oad wl 
~ inputs. 


The delay time for valid output of the CMPSYN ot BLANK signals mS : 
- relative to the rising edge of the PHI3 or PHI4input. 


The delay time that the previous output of the CMPSYN or : 


90 


601 45 


BLANK signals is valid relative to the rising edge of PHI3 or PHI4) = ine 


inputs. 
Minimum delay from the assertion of the SYNC signal to the PHI2 


input going high. This delay starts the clock freeze a that is isa 


restriction of the external clock generation control. © 


5.0 —~ 


<cetememectnes (88) 
Min. © Max, 


Miya 





tsyrz 
tsyr 


| The pulse width of the SYNC signal. 


The delay time from the deassertion of SYNC | to aie or of the 
- clock freeze time. This delay is a restriction of the external . : 


generation control. 


Input rise time of the SYNC pulse. 
Input fall time on the SYNC pulse. 


*teyew + tsyrz Must be equal to (or be a alee. of) 16 Sedat of the PHI or PHD} inputs. 
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Inter io lei A Signal Timing | 
ignal timing for the interrupt and request are listed and. AsGnedi in Table 21. 





Symbol Definition 12; Reqednenmienee (t 
Min. Max. 


ti The assertion propagation delay for the INT or REQ signal in 
response to a status bit being set when the corresponding bit of the 
Interrupt or Request Enable register has been set previously. 
Delay t, is measured from the edge of the DS or system clock signal 
that sets the status bit. 0 140 


tp The deassertion propagation delay for the INT or REQ signal in 
response to a status bit being cleared when the corresponding bit 
of the Interrupt or Request Enable register has been set previously. 
Delay tp is measured from the edge of the DS signal that clears the 
status bit. 0 140 


tia The assertion propagation delay for the INT or signal in 
response to setting a bit of the Interrupt or Request Enable 
register when the corresponding status bit has been set previously. 
Delay tay, is measured from the edge of the DS signal that sets the 
Interrupt or Request Enable register bit. 0 180 


ae The deassertion propagation delay for the INT or REQ signal in 
response to clearing a bit of the Interrupt or Request Enable 
register when the corresponding status bit has been set previously. 
Delay tp, is measured from the edge of the DS signal that initiates 
the resetting of the Interrupt or Request register bit. 0 180 


- Interfacing Techniques 

Up to twenty-four 78680 video processors may be used with each video control. The video control 
includes a system interface, a bit-map memory interface, and a display interface as shown in Figure 
3. Refer to the Dragon Video System Hardware Specification for a complete description of a video 
system using the 78680 video processor and 78690 video control. 

The system interface connects the video control to the local processor or DMA controller through 
the processor interface. The processor interface transfers 16 data bits, 6 address bits and 6 control 
bits and receives the parameters and commands from the local processor. The interface handles 
register accesses and controls timing and all necessary bus signals to allow the video control to act as 
a bus slave to the local processor or DMA device. The system interface also connects the video 
control to the instruction/data bus through the ID interface. 

The ID interface transfers information on the 8-bit bidirectional instruction/data bus and the chip 
select control line. The instruction/data (ID) bus is used to transfer information within the video 
processor and to controls its operation. It is used to load and read registers and to execute direct or 
indirect instructions. 
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The bit-map memory interface includes the bit-map memory address bus and the ‘signals that 
control it. It transfers address information on 11 lines, write enable information on 4 lines, and 
control information on 5 lines. 





The display interface connects to the monochrome or color monitor interface for video and timing. 
The interface signals include the four synchronization and blanking signals. 
The video control requires a 5-Vdc power supply. 
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- Features 


: Programmable rz wileodiailays: using a =e ri 


him of 4096 by 4096 ried locations’ 





- Compatible with Digital’s DC322 video processor and DC323 videocontrol 


« Interfaces with the MicroVAX 78032 microprocessor and Motorola 68000 s series ppicsopganessors | 








+ Selectable cursor characters and single- or double-width hairline a pads 


- Detects two independent programmable active regions 





Description 


The DC503 programmable cursor a (PCC) is écintaiaved i ina 44-pin cerquad package and is used 


to provide a programmable cursor for use with videodisplay terminal 


diagram of the DC503. 


SYNC 
BLANK 











Figure 1» DC503 Simplified Block Diagram 
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. Figure 1 is a simplified block 


PIA<3:0> 


PIB<3:0> 


PARD 1 


PARD 2 
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_ The DC503 enables cursor characters or icons to be programmed and positioned to the desired 

location of a videodisplay. The DC503 contains two 16 by 16 memory arrays to store the cursor 

sprite. This enables the cursor to select up to three colors and display normal video in its 

transparent region. In addition, the DC503 can be programmed to display either a single- or a. 
double-width full screen hairline cursor. Two programmable boundary regions on the display can be 
detected and the cursor can be clipped in either of the two regions on the screen. 


- Pin and Signal Description ae | ieee eed 
The input and output signals and power and ground connections are shown in Figure 2 and — 
summarized in Table 1. | ar | a 


GND 

) DATO7 
DATO6 
DATOS 
DATO4 
DATO3 
DATO2 
VDD 

GND 

DAT1 
| DATO 


— PIN 1 IDENTIFIER 


DC503 





NIBCLK Lo! 


TOPVIEW 


Figure 2» DC503 Pin Assignments 
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Preliminary 


eseafidilattet dtclatecnec atitenone AN 


41-44 ~ DAT< 15:00> inputs Data lines < 15:00> —Data i inputs from the proces- | 

1,2,5,6, rue Eye ; sor bus. 7 | 

27-22 | 

19,18 7 Se he. tae San , 

10-7. AD<3:0> inputs. — __ ‘Addres lias <30>—Addes neta from the 
: | Sear paket  pibcemoce baits 








no AS =—S—S—~*ésimput —~Ss=s<Ad dress sobe anos EF address inputs 





_ AD<3:0> into the ss erf: 





7 ee: See eee Data strobe—Str Stopes sa the data a inputs DAT < 15:00> 





5 WRE input’ =—s Write enable~Whenass 
seth | pacientes he DC503. 


17 SYNC input = horizontal or =z composite sync icc | 
‘13° NIBCLK” input > 














39-36 PIA<3:0> outputs Plane cnieeinarion A <3:0>—Four-bits of the 16- 
bit data word for cursor plane A. 


29-32 PIB<3:0> outputs __ ma “annie inforenstion B eae :0 > oe of the 16-bit 


35 PARD1 output 





33 ‘PARD2 output Progte 

os. aetive region 2 of the display has been detected. 
34. ‘TEST ~~ output Test —Used for test purposes only. 
3,21, Vo —iimput.—s Voltage—Power supply voltage 


412, GND input —~—-« Ground—Ground reference. 
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Functional Description 


The data (DAT < 15:00>) and address: “p< 3; nai cere from the bus is loaded i into the _. 
bus interface by the data strobe (DS) and address strobe (AS) input respectively. The data 
determines the cursor font and specifies the coordinates for the cursor location. Address 
AD<3:0> selects the register that will receive the data. The write signal (WRT) loads the. 
information into the command, position, and region registers. The data is transferred to the 
memory plane A or B under control of the timing and control and memory decode logic. 

Information from each memory plane is transferred to barrel shifter A and B, under control of the 
barrel shifter logic, to the output multiplexers. Each multiplexer output provides 4-bits of 
information (PIA <3:0> and PIB <3:0>) every 37.8 ns for the 16-bit by 16-bit cursor font. 


Timing and control is provided by the sync detector logic that receives the SYNC and BLANK 
signals from the controlling device and the NIBCLK clock pulses. Information from the sync 
detector is transferred to the registers that detect one of the two active regions on the display. The 
regions are indicated by the PARD1 and PARD2 outputs. 


The test logic receives PARD1 and PARD2 signals and the output from each multiplexer. The TEST 
output is used to self-test the cursor memories and active region detectors. 


Register Selections | | 
Address bits AD <3:0> select a command, position, or active region register to: be loaded. They 

also select the cursor memory by an indirect memory address to an internal address counter. Table 2 
lists the address codes and regiiet selections. 


Table 2 « DC503 Address Register Select Functions 


| 


- Register* 
_.. Load command register (CMDR) 
rh Load'X position register (XPOS) 
_ Load Y position register (YPOS) — 


5 
2 
> 
= 


Load Xmin1 active region register 

_ Load Xmax1 active region register 

~ Load Ymin1 active region register _ 
Load Ymax1 active region register 
Load Xmin2 active region register 
Load Xmax2 active region register 
Load Ymin2 active region register 
Load Ymax2 active region register 


a ic Vm Va cm ea (es (a ae a 


=) O],e| OO] Ke] oO] KS | CO] K&| © pa Oo : 


Cursor memory (indirect memory address via an 
internal address counter) 


* All registers are write only. 
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Command Register Description 


The command register (CMD) is a write-only register and is used for communication between i | 
CPU and the programmable cursor chip. The command register format i is shown i in Figure 3 and'the - 
functions are listed in Table 3. 3 : 





CMD15-CMDO - 


Figure 3 «= DC503 Comiiaiis Register Format 


Bit Desctiptiba | 








CMDO*CMD1.._—__Enable/force cursor plane. A output a as follows: | 
CMDO CMD1 ae oe 


ace ipbhert- 0 3 ae eS eat cal a eee ee 
ee Oa SL os clogledke «i - Ra ae eas 
1 1 logic 1 


CMD2*CMD3 Enable/force cursor plane B output as follows: 
CMD2 CMD3 State 
Ohee = Oe gate, logic Of Shs 
O22 43 ween esi 1 eed 
CMD4* «Command + Fairline cursor otabie eerie Paco 
| _ 1=enable, O=disable a 





CMD5* | Command 5—Clip cursor or inside « active region 
1=clip cursor, 0=don’t clip cursor 


CMD6*_ . ~ Command 6—Clip hairline cursor inside active region: 1¢ or 2. 
- 3 _ 1=active region.1, 0= active region 2 — pete | 
CMD7* i Command 7—Double width hairline cursor 
ha double width, 0= single width — ne 
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CMD8*CMD9 a aia active region 1 detector as follows: - 
CMD8 CMD9 State 


0 0 logic 0 
1 0 enable 
0 1 logic 1 
1 1 logic 1 


CMD10*CMD11_ __Enable/force active region 2 detector as follows: 
CMD10 CMD11 State 





0 0 logicO 
1 0  — enable 
0 1. logic 1 
1 1 logic 1 
CMD12 Command 12—Load cursor memories 
1 =enable load, 0 = inhibit load 
CMD13 Command 13 —Select Hi/Low active BLANK (vertical) 
| 1 =active high blank, 0= active low blank _ 
CMD 14 Command 14—Select Hi/Low active SYNC (scan) 
1 =active high sync, 0=active low sync 
CMD15 Command 15—Reset signal TEST =0 


1=Clear TEST to “0”, 0=Enable the test hardware 


*These bits are double buffered during vertical blanks and any new value loaded is not acted upon 
until the next frame. CMDO and/or CMD2 must be enabled for the hairline cursor to appear. 


ii, Description 


The DC503 operates with a videodisplay using 4K by 4K locations and having a maximum scan 
rate of 9.45 ns/pixel. It provides a single- or double-width hairline cursor in two independent 
programmable active regions. Clipping of the cursor in scan occurs in either active region 1 or 
active region 2. The cursor resolution is to a pixel position. The active region resolution is to a 
nibble (4-bit) position in the X direction and to a pixel position in the Y direction. Memory plane A 
and/or plane B output information can be selected and the planes can be forced to either 1 or 0. 
The blank areas and synchronization are controlled by the programmable active Hi/Low Blank and 
SYNC inputs. The origin of the display screen is the upper-left corner of the screen and the display 
is not interlaced. 


Data from the DC503 i is provided as two 4-bit nibbles every 37.8 ns assuming 9.45 danse The 
CPU data path to load the information is 16 bits wide. The input clock period (NIBCLK) is aligned 
with a nibble output. Therefore, it is four times the pixel rate. The initial display of the cursor is 
not important while CRT is blanking. The SYNC input accepts either horizontal or composite 
monitor sync information. The BLANK input signal must be active for a minimum of two sync 
_ intervals and must include or coincide with SYNC signal. The SYNC input must be active for two 
NIBCLK clock periods. Registers must not be loaded between the assertion of vertical blank input 
until three horizontal sync pulses occur. During the powerup initialize time, the CPU must allow 
the DC503 to become self-initialized by two video frames and with the NIBCLK clock operating 
continuously. 
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Preliminary 


The DC503 provides two similar logic paths for controlling the X and Y of the videodisplay axes. 
Each path consists of a set of registers, a random access memory (RAM), and multiplexing logic. 
Most of the registers are double buffered to allow a full frame time for loading. Both the X and Y 
paths are pipelined and the information in each paths must be ia before the entire content is 
valid. 


Figure 4 shows the coordinates for the two program saute active regions < the cursor position. 
These 18 coordinates are programmed by the user. and stored in registers. After the coordinates and 
cursor position have been loaded, they become the holding registers for a epee with the 
internal X and Y counters that are used to determine the pixel reference. 





 [xmaxi’ -1 
maxi’ -1 
bd 7 xpos’ 


ypos’ jcursor 


ACTIVE REGION 2 





Figure 4» DC503 Programmable Active Region Display 


*The maximum values of the active regions 1 and 2 define the limit that is reached by the region. 
As an example, the upper right location of region 1 includes Xmax-1 and Ymin (not Xmax and 
Ymin). | 

Y (pos max or min 1 and 2)’=Y (pos max or min 1 and 2)+the number of SYNC signals per 

BLANK signals after the first assertion of BLANK and SYNC signals. 


X (pos max or min 1 and 2)’=X (pos max or min 1 and 2)+6 NIBCLKH signals after the last 
assertion of the SYNC signal. | 


**Location where BLANK and SYNC are first Pemiee 
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Because the counters may not wrap around to a known position, the content of the internal X 
counter will be cleared at the end of each scan line and the content of the Y counter will be cleared 
at vertical blank time. | | 

The X counter is incremented every NIBCLK clock pulse and is synchronized with the video stream 
data. The Y counter is incremented every scan line at the scan sync time. 


The X and Y coordinates may change during a frame. However, the new coordinates will not 
become active until the present frame has been completed. This prevents part of the cursor from 
being displayed at one position on the screen and the remaining part displayed at the newly 
assigned position. The active regions may also be changed during a frame. However, the values are 
stored in registers until the next frame occurs. 

The memory planes A and B contain the binary values of the cursor font. The memories are 
identical and each contains sixteen 16-bit locations. Figure 5 shows the organization of the cursor 
memories A and B. 


WORD 16 
WORD 17 
WORD 18 


WORD 13 WORD 29 
WORD 14 | | WORD 30 
WORD 15 | WORD 31 





CURSOR MEMORY A CURSOR MEMORY B 


Figure 5 = DC503 Cursor Memory Organization 


The cursor memory locations are addressed by an internal address counter, and data is loaded into 
the selected location. The counter is autoincremented by each data load operation provided that 
command bit (CMD12) is asserted and the register address code (Table 2) selects the cursor 
memory. When CMD12 is deasserted, the internal address counter is cleared. The load sequence 
may be interrupted to load other registers provided that the internal address counter is not cleared 
by the negation of the CMD12 bit. The CMD 12 bit must be deasserted after the information has 
been entered into cursor memories. 


The 16-bit words are read from the memory once for each scan line and shifted by the barrel shifter 
to enable the exact pixel alignment. The words are shifted by pixel amounts (0-3) and multiplexed 
into five consecutive 4-bit nibbles. The shift constant is determined by the two least significant bits 
of the Xpos address, since the offset can be up to three pixels. A nibble is generated for each 
NIBCLK clock pulse that results in an offset value and a multiplexing of five groups of four nibbles. 
Output PIA <3:0> is a nibble of cursor memory plane A, and PIB<0:3> is a nibble of cursor 
memory plane B. 


The TEST output is used to selftest the cursor memories and active-region detectors. Writing a 0 to 
bit 15 of the Command register enables the test hardware. The assertion of any PIA<3:0>, 
PIB <3:0>, or PARD <2:1 > output will assert the TEST output. The TEST output is disabled by 
writing a 1 to bit 15 of the Command register. During normal operation, the timing of the TEST 
output is unspecified unless bit 15 is cleared. 
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Specifications 


The mechanical, electrical, and environmental characteristics and specifications for the DC503 are 


described in the following paragraphs. The test nivon: for the electrical values are as follows 
unless specified otherwise. 


= Power supply voltage (Vpp): 5.0 V +5% 
- Temperature range (T,): 0°C to 70°C 


Mechanical Configuration 
The physical dimensions of the DC503 44-pin cerquad package are contained in Appendix E. 


Absolute Maximum Ratings 
Stresses greater than the absolute maximum ratings may cause permanent damage to ag device. 
Exposure to the absolute maximum ratings for extended periods may adversely affect the 


reliability of the device. | 

= Power supply voltage (Vpp): -0.5 V to 5.5 Vv 
= Pin voltage: -0.3 V to Vp) + 0.3 V 

= Power dissipation (T,=0°C): 0.3 W 

- Operating temperature (T,): 0°C to 70°C 





« Storage temperature: -55°C to 125°C 


Recommended Operating Conditions 
= Power supply voltage (Vpp): 5 V +5% 
= Temperature (T,) 0°C to 70°C 


dc Electrical Characteristics 
The dc electrical parameters of the DC503 for the operating voltage aad temperature aia 
specified are listed in Table 4. 
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Table 4 = DC503 dc Input and Output Parameters 


a Min, Max. 
High-level Vin 2.0 — Vv 
input voltage . 
Low-level __ Vii — 0.8 V 
input voltage 
High-level Vin 2.7 6.0 V 
clock input : 
voltage | 
Low-level Vi 0 0.4 V 
clock input 

_ voltage 
Input high | Vin = Vag — 5 2 > V —— 20 pA 
leakage current 
Input low ; 
leakage current | Via=0V vo -—20 pA 

Vie = 5 . 25 V : 

High-level Von | ee = 0.2 mA 2 . 7 | —s V 
output voltage 
Low-level Vou Io. =-5.0 mA eas 0.4 Vx 
output voltage 
ac Electrical Characteristics 


The signal timing parameters for the NIBCLK clock input are shown in Figure 6 and defined in 
Table 5. The waveforms and propagation delays symbols for the input and output signals are shown 
in Figures 7 through 10. The parameters for the symbols on the figures are defined in Table 6. The 
specifications and conditions for the ac tests as as follows. 


« Input capacitance: 10 pF 
« Input signal rise and fall time: 10 ns 


= All delay times extend from the 1.5V level of the clock input to the Voy or Vo, levels of the 
measured signal. 


« The rise times are measured from 10% to 90% and fall times are from 90% to 10% of signal 
transition. 


= All timing parameters assume a 100 pF capacitive load on the output. 
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NIBCLK 


—_ | tra be 
| | 
| 
| 





| 
— tew ee 7 : 
Poa tprD ——_—_—_—+ 


Figure 6 » DC503 Clock Input Parameters 


Table 5 » DC503 Clock Signal Timing Parameters 


Symbol _ Definition Requirements (ns) 


tee Rising-edge time i. a 5.0 
tra Falling-édge time a Se ee 5.0 
tenn Clock period | HO 37.8 
tow Pulse width 50% duty cycle +5ns | - a a oe 








NIBCLK 
PIA<3:0> 
PIB<3:0> 
PARD1 
PARD2 P< tPoo. >} 
l 
PIA<3:0> Le- tenon —mI 
PIB<3:0> | 
-PARD1 
PARD2 | 


~ NIBCLK 





SYNC 
BLANK 
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DAT < 15:00 > 


) l | 
| VALID DATA | 
| 








| 
| 
eel 
—> tos —}<—toH — 


LOAD DATA 


AD<3:0> . 


teh. 
— 


—p| tas —pl<— tay ees 


LOAD ADDRESS 


Figure 8 * DC503 Load Data/Address Strobe Timing Delays 





Figure 9= DC503 Write and Data/Address Strobe Timing Delay 
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Figure 10 = DC503 TEST Output Timing Delay 





Symbol —_ Definition | Requirements (ns) 
ae Propagation delay outputlow- 200 ew 26 
tron Propagation delay output high _ —_ 26 
tons* SYNC/BLANK setuptime = —-  — 10 
— ST rr gra ied oor 
ths Data setup:time® tyes yy ced oe aT en Be EL ge 
tei Data hold time — 40 
tis Address setup time — 0 
tii Address hold time = 40 
fisis Address strobe precharge time _ 105 
tives Overlap time — 100 
tennis Propagation delay to TEST output high — 40 
7 Propagation delay to TEST output low — 100 


*The SYNC input signal must be active for a minimum of two NICBLK periods. The BLANK input 
signal must be active for a minimum of two SYNC signal intervals and must encompass or coincide 
with the SYNC signal. 

« Interfacing Techniques 


The DC503 programmable cursor chip can be interfaced to the DC323 adder and can operate with 
a full-page, half-page, and quarter-page display system. Figure 11 shows the full-page display 
interface configuration and associated signal timing. The DC323 generates the BLANK and 
CMPSYN signals to drive the BLANK and SYNC inputs of the DC503. The BLANK and CMPSYN 
signals can be latched into the flip-flops by the PHI3 or PHI4 phase clock of the DC323 and may 
rise on one PHI3/4 clock and fall on the other. The latched BLANK and SYNC signals are received 
by the DC503 on the falling edge of NIBCLK pulse. Latches are 374 or the equivalent. 
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~ NIBCLKH 


PHI3 





PHI4 





Figure 11 « DC503 Full-page Display Interface and Timing cn 
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Figure 12 shows the half- and quarter-page interface configuration and signal timing. The BLANK 
and CMPSYN signals from the DC323 are used directly as inputs to the DC503. 





XBLANK 


| CMPSYN 





NIBCLK | | | | | | | 
PHI3 | | | | | | | 
PHI4 | | | | | | 


Figure 12 = DC503 Half- and Quarter-page Display Interface and Timing 
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- Section 3—Communication Devices 

The asynchronous communication devices enable serial-line information transfers between local 
remote systems and terminals. 
78808 Eight-channel Asynchronous ReceiverfTransmitter—The octal ART is a 68-pin cerquad device © 
that is programmable and allows the simultaneous transmission and reception of eight serial-line 
channels. 
DC319 DL11 Compatible Asynchronous Receiver[Transmitter—The DLART is a 40-pin DIP device 
that allows data communication between Digital’s microprocessors and console terminals or 
communication devices. 


Confidential and Proprietary 

















= 


« Eight independent full duplex serial data lines 


« Programmable baud rates doggy or for each line S aa ata (50 to 19,200 
baud) 





- Summary registers that allow a single rad to dea a data set change or to determine the cause of 
an interrupt on any line — | 





- Triple buffers for each receiver 





- Device scanner “me nanism that reports ceeerupe request die ergismnitees/ ceiver it 





* Independently ‘programmable lines for interrupt-driven operation 
- Modem status change detection for Data Set Ready(DSR) and Data cme! Detect (DoD sa 
- Programmable i interrupts for modem status changes 3 - 





. - Synchronizes critical read-only registers 





- Description 


The 78808 Eight-channel eoeaasenns Receives Tranamittes (Octal ART) is a VLSI device for 
new generations of asynchronous serial communication designs and for microcomputer’ ‘systems. 
This 68-pin. device ‘performs the basic operations necessary for simultaneous reception and 
transmission of asynchronous messages on n eight independent lines. Figure 1 is a functional block 
diagram of - 78808 Octal ART. 







a CHANNEL o DSRO 


| INTERRUPT | 
SUMMA Y | A | | 
| AEBISTER : CHANNEL 1 


TxD2 

CHANNEL 2 se 
DcD2 

TxD3 

RxD3 

| | CHANNEL 3 pares 

DATASET | | | DCD3 
CHANGE 4 TxD4 
rapitel nc RxD4 

| REGISTER CHANNEL 4 DSR4 

ADDRESS | fle 

"ADD <5:0> ToeIe i | | | zee TxD5 
CHANNEL 5 - RxD5 

RATE. =a) — bens 

EN | TxD6 

| CHANNEL 6 RxD6 

| , DSR6 

_ ; DCD6 

oe | TxD7 
nk CLOCK IN CONTROL BUS CHANNEL? RxD7 
MRESET GEN | en 


Figure 1» 78808 Octal ART Functional Block Diagram 





fROTxRx 





DATA BUS 
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The input and output pins and power and ground connections of the 78808 Octal ART are shown 
in Figure 2. Table 1 provides a summary of the signals defined in the following paragraphs. ~*~ 








— NC 


oa 


DL7 


— VSS1 
— CLK 


DL6 - 
DLS 





-MRESET 
— ADDS 


St Pe 


k 
| 
| 
| 
| 
! 
| 
| 
| 





. 13-14 


DL4 
-RDY —— 


RESET 


_ Figure 2» 78808 Pin Assignments 
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a 


78808 
CAVITY DOWN CONNECTIONS 


15 


ADD3 
DS2 

— ADD2 
ADD1 
ADDO 


54 53 52 51 


TOP VIEW 


16 17 18 19 20 21 


g Ie E 


QO © 
2. = 





50 49 


DS1 — 
DLs 


»  ROTxRx 
~«!ROLN2~ 


= 





| 
| 
| 
| 
| 
| 
| 
2 


22 23 
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IROLN1 © 
— IROLNO 


24 2! 


DL1 
DLO 





=) 
Oo 
> 





vob 


39 | 
ay 


35 f 
34 | 
32 





"tino SCRE on ater 





_ ‘Table 1- 78808 Pin and _ a 








10-13,22-25 _ -DL< 0 gaia Data’ me <7:0 > — Receives and trans- 
— — RE EE Te AIS Dn ig Re parallel data & 





-50-52,54-56- ADD<5:0 > input i en “28 ‘Address « <5: any the internal al reg 
isters in the Octal ART. > 

BD psp ht yS Vota patie 0 csidey Chip: select—: tivates . ie Dea. ART t to 

| GBP sgalys aby: Lee PEC TSR ot ote peel received and. transmit . data over the 









Oo pei eee ane aes data? for data transfers. Th 
and DS2 inputs must be connected 
together. 


18 WR input =: Write—Specifies direction of data transfer 
oe aot “onthe DL<7:0> lines. 





14 gan output ©” Ready—Indicates when the Octal ART is 


ready to participate in data transfer cycles. 
uitializes the internal logic. 





input Reset— 








ag? 


57 _ MRESET input Manufacturing rept Fos manhaccuring 


fond , re use. 
58 GER input ©. Clock —Clock 3 input for timing, 


62,67,2:7) 2 D SR<7:0> inputs Data set ready—Monitor data set — 
M1 36:5) 20 Ce eS Fats (DSR) s ignal al from modems. 


63,66,3,6, . DCD<7: inputs — | Data set carrier detect —Monitor data set 
40,91,32 29 3 Ft 3 RE eel carrier detect (DCD) signals from modems. 














49 igs ond ROW: —soutputy oe ty eee a proceaicg 
45-47 - IRQLN <2:0> output ay request line uihber—tndicoe 
a net AN the line number of ae ra 

48 - -- * ARQTxRx output ~~ ae fequest ‘transmit/receive—Indi- 
ee ant ee “3h ath cates whether an interrupt request is for 
transmitting or receiving data. | 





61,68,1,8, cial TxD <7:0> outputs - Transmit data—Provides asynchronous 
42,35,34, 27 | - oo. ..bit-serial data output streams. 

64,65,4,5, RxD <7:0> outputs | Receive data— Accepts asynchronous bit- 
39,38,31, 30 soul eae caf! serial data input streams. 





44 26:9: eo9t IN gp it! input tie “5 Voltage—Power supply voltage + 5 Vde. 
16,59,43° Vss - on 7 input a : Ground—Ground reference 
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Data and Address : 

Data lines (DL<7:0> )—These lines are need for the : parallel transmission and reception of data 
between the CPU and the Octal ART. The receivers are active when the data strobe (DS1, DS2) 
signal is asserted. The The output drivers are active only when the chip select (CS) signal is asserted, the 
data strobe (DSI, DS2) signal is asserted, and the write (WR) signal is deasserted. The drivers will 
become inactive (high- impedance) within 50 nanoseconds when one or more of the following 
occurs: the chip select (CS) signal is deasserted, the data strobe (DS1, DS2) signal is deasserted, or 
the write (WR) signal is asserted. _ Oo | 
Address (ADD < 5:0 > )—These lines select which Octal ART internal register is accessible through 
the data I/O lines (DL<7:0>) when the data strobe (DSI, DS2) and chip select (CS) signals are 
asserted. Table 2 lists the addresses corresponding to each register. The receiver buffer and 
transmitter holding register for each line have the same address. When the (WR) signal is 
deasserted, the address accesses the 1 receiver buffer register and when asserted, it accesses the 
transmitter holding register. oa 


Table 2 78808 Registers Address Selection 


5 
5 | 
: 





ee ONO peter Oem OHNO 
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: cf. e ee Read/Write Register 

ae so, eer ee eee 

0 0. 20%, 0 Oe O, 2:0 -, Read _ Line 0 Receiver Buffer 

0 0 oOo. oO °O 0 _ Write Line 0 Transmitter Holding 
0 0 o oOo oOo 1 Read Line 0 Status 

0 Oo. 8060 0 1 oO. Read/Write Line 0 Mode Registers 1, 2 
0 0 0. Qruced.- #1 Read/Write Line 0‘Command 

0 Ow ben O--y¥i 0 0 Read Line 1 Receiver Buffer _ 
0 0 1 O,-° 0 0 Write Line 1 Transmitter Holding 
0 0 1 0 O 1 Read | Line 1 Status | 

0 oO 1 0 1 #0 Read/Write Line 1 Mode Register 1, 2 
0 Oo 1 Oye Te Read/Write — Line 1 Command — 

0 1 0 0 0 0 Read Line 2 Receiver Buffer 

0 i oO 90 0 0 Write Line 2 Transmitter Holding 
0 orl: 0 0.0 1 Read | Line 2 Status | 
02231 x28 0,1 . 0 Read/Write Line 2 Mode Register 1, 2 
0 1 0 0 1 1-3 Read/Write Line 2 Command 

Oe. Doe h- ced 0 O- Read Line 3 Receiver Buffer 

OF 27 eb ee bys 20: oO oO Write Line 3 Transmitter Holding 
0 1 1. Dens ce Oe cancde Read Line 3 Status 

oO 1 #1 9 1 07 Read/Write Line 3 Mode Register 1, 2 
oO 1 1 0 1 1 Read/Write Line 3 Command 

1 oOo oO 90 0 0 Read Line 4 Receiver Buffer. . 

i 0. 0 O 0 oO Write Line 4 Transmitter Holding 
| eee | Oeics, Op ace0 1 Read Line 4 Status 

LP QF CRO. ge fee) ee ige Quy Read/Write Line 4 Mode Register 1, 2 
LO. Ong. ark aed Read/Write ‘Line4Command 














ADD Line* Resi 
i Mae Sees See a : | 

1 oOo 1 0 oO 0 Read Line 5 Receiver Buffer 

1 0 1 0 0 0 Write Line 5 Transmitter Holding 
1 0 1 0 0 1 Read | Line 5 Status 

t O* 205 1 0 Read/Write = = =—- Line 5 Mode Register 1, 2 
1 ee SA | cee: | 1 Read/Write = Line 5 Command 

1 1 0 0 60 0. . Read Line 6 Receiver Buffer 

1 1 0 Oe De Oty, _Write : Line 6 Transmitter Holding 
1 ; 0 0 0 1 Read | _ Line 6 Status 

1 1 0 0 1 0 Read Line 6 Mode Register 1,2. 
1 1 0 0 1 1 Read/Write Line 6 Command 

1 1 1 Oo 0. 0 Read Line 7 Receiver Buffer _ 
1 1 1 EO once die: ‘Line 7 Transmitter Holding 
1 1 1 0 0 1 Read _ Line 7 Status | 

1 1 1 0 1 0 Read/Write Line 7 Mode Register I, 2, 
eee | 1 0 1 1 Read/Write Line 7 Command : 

X X Xx 1 0 0 Read Interrupt Summary | 
Xx X X 1 0 1 Read _ Data Set Change Summary 
*X = Either 0 or 1. 

Bus Transaction Control 


Chip select (CS)—This signal is asserted to permit data transfers through DL<7:0> to or from 
the internal registers. Data transfer is controlled by the data strobe (DSi, DS2) signal and write 
(WR) signal. 


Data strobe (DS1, DS2)—The data strobe inputs (DSI and DS2) must be connected together. This 
input receives timing information for data transfers. During a write cycle, the CPU asserts the data 
strobe signal when valid output data is available and deasserts the data strobe signal before the data 
is removed. During a read cycle, the CPU asserts the data strobe signal and the Octal ART tensiatets 
the valid data. When the data strobe signal is deasserted, DL<7:0> become a high impedance. 

Write (WR)—The write (WR) signal specifies the direction of data transfer on the DL<7: 0 > pins 
by controlling the direction of their transceivers. If the WR signal is asserted during a data transfer 
(the CS, DS1, and DS2 signals asserted), the Octal ART is receiving data from DL<7:0>. If the 
WR signal is deasserted during a write data transfer, the Octal ART is driving data onto DL<7:0>. 











Interrupt Request | Ee | saad 
Interrupt request IR IRQ)—The RO pin is an open dréin output. The esd interrupt scanner 
asserts the IRO signal when it has detected an intetrupt condition on one of the eight serial data 
lines. 
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Interrupt request transmit/receive (IRQTxRx)—This signal indicates when the interrupt scanner 
in the Octal ART stops and asserts IRQ because of a transmitter interrupt condition (the IROTxRx 
signal is asserted) or because of a receiver interrupt condition (the IRQTxRx signal is deasserted). 
The signal is valid only while IRQ is asserted. The state of IROTxRx signal also appears as bit 0 of 
the interrupt summary register. 

Interrupt request line number (IRQLN < 2:0>)—These lines indicate the line number at which 
the Octal ART interrupt scanner stopped and asserted the interrupt request (IRQ) signal. The 
number on these lines is valid only while the IRQ signal is asserted. The IROLN2 is the high-order 
bit and IRQLNO is the low-order bit. The state of these signals also appears as bits in the interrupt 
summary register: IRQLN2 as bit 3, IRQOLN1 as bit 2, and IRQLNO as bit 1. Table 3 shows the line 
numbers corresponding to settings of IRQLN <2:0>. 


Table 3 = 78808 Interrupt Request Line Asignments 


é 
Ee : 


! Line 

2 1 0 

0 0 0 0 
0 0 0 1 
0 1 —0 2 
0 1 1 3 
1 0 0 4 
1 0 1 5 
1 1 0 6 
1 1 1 7 
Serial Data 


Transmit data (TxD <7:0> )—These outputs transmit the sevochioneus bit-serial data streams. 
They remain at a high level when no data is being transmitted and a low level when the TxBRK bit 
in the associated line’s command register is set. 


Receive data (RxD < 7:0 >)—These lines accept piece bit-serial data streams. The input © 
signals must remain in the high state for at least one-half bit time before a high-to-low transition is 
recognized. (A high-to-low transition is required to signal the beginning of a ‘‘start’’ bit and initiate 
data reception:) 


Modem Signals 

Data set ready (DSR < 7:0 > )—These eight input pins, one for each serial data line on the 78808, 
are typically connected via intervening level converters to the data set ready outputs of modems. A 
TTL low at a DSR pin causes the DSR bit (bit 7) in the corresponding line’s status register to be 
asserted. A TTL high at a DSR pin causes the DSR bit in the corresponding line’s status register to 
be deasserted. A change of this input from high-to-low, or low-to-high, causes the assertion of the 
data set change (DSCHNG) bit that corresponds to this line in the data set change summary 
register. Changes from one state to the other and back again that occur within one microsecond 
may not be detected. 
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Carrier detect (DCD <7:0>)-These eight input pins, one for each serial data line of the Octal 
ART, are typically connected through intervening level converters to the received line signal detect 
(also called carrier detect) outputs of modems. A TTL low at a DCD pin causes the DCD bit of the 
corresponding line’s status register to be deasserted. A change of this input from high-to-low, or 
low-to-high, causes the assertion of the data set change (DSCHNG) bit corresponding to this line in 
the data set change summary register. Changes from one state to the other and back again that 
occur within one microsecond may not be detected. 


General Control Signals 

Ready (RDY)—The RDY pin is an open dr drain output. Upon detecting a negative transition of chip 
select (CS), the Octal ART asserts the RDY signal to indicate readiness to take part in data transfer 
cycles. The RDY signal deasserts after the trailing edge of CS. : 


Reset (RE RESE T)—When the RESET i input is asserted, the TxD< <7: 0> lines are asserted and all 
internal status bits listed in the “Architecture Summary” discussion : are cleared. 


Manufacturing reset (MRESET)—This signal i is for manufacturing use ‘only and the input should 
be connected to ground for normal operation. 


Miscellaneous Signals 


~ Clock in (CLK)—All baud rates and internal clocks are derived from this i input. Normal operating 





frequency is 4.9152 MHz +0.1 percent and duty cycle is 50 percent + 5 a 


Voltage (V,,,.) Power supply 5 Vdc 
Ground (Vas)-Ground reference 


Architecture Summary 


The Octal ART functions as a serial- ie-carallal, parallel-to-serial EE RE es It can be 
programmed by a microprocessor to provide different characteristics for each of its eight serial data 
lines (stop bits, parity, character length, split baud rates, etc.). 

Each serial line functions the same as a one-line UART-type device thereby reducing the number of 
chips and conserving space on communication devices that require multiple communications lines. 
An integral interrupt scanner checks for device interrupt conditions on the eight lines. Its scanning 
algorithm gives priority to receivers over transmitters. The scanner can also check for interrupts 
resulting from changes in modem control signals DSR and DCD. 


Line-specific Registers 

Each of the eight serial data lines in the Octal ART has a set of registers for buffering data into and 
out of the line and for external control of the line’s characteristics. These registers are selected for 
access by setting the appropriate address on lines ADD <5:0>. Lines ADD <5:3> select one of 
the eight data lines. Lines ADD < 2:0> select the specific register for that line. Refer to Table 2 for 
the register address assignments. 


Receiver buffer register—Each line’s, receiver consists of a character assembly register and a two- 
entry FIFO that is the receiver buffer register. When the RxEN bit in a line’s command register is 
set, received characters are moved automatically into the line’s receiver buffer as soon as they have 
been deserialized from the associated communications line. When there are characters in this 
FIFO, the RxRDY bit is set in the status register for the line. 
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The assertion of the RxRDY signal for a line that already has the RxIE bit of its command register 
set causes the interrupt scanner logic to stop and generate an interrupt condition (the IRQ signal is 
asserted). When the receiver buffer is read, the interrupt condition is cleared (the IRQ signal is 
deasserted) and the interrupt scanner resumes operation. 

If there is another entry in a line’s FIFO, the RxRDY bit remains asserted. When the interrupt 
scanner reaches this line again, the assertion of RxRDY causes the scanner to halt and assert the 
TRQ again. | 
Asserting the RESET signal or clearing the RxEN bit initializes the receiver logic of Octal ART. The 
RxRDY flag is cleared and the receiver buffer register outputs become undefined. Any data in the 
FIFO at that time is lost. 

Transmitter holding register—Each line has a writable transmitter holding register When the 
TxEN bit in the line’s command register is set, characters are moved automatically from the output 
of this register into the transmitter serialization logic whenever the serialization logic becomes idle. 
When this register is empty, the TxRDY bit in the line’s status register is set. If the transmitter 
interrupt enable (TxIE) bit in the line’s command register is also set, the interrupt scanner logic 
halts and generates an interrupt condition. If a character is then loaded into the register, the 
interrupt is cleared and the scanner resumes operation. 


Assertion of the RESET signal initializes the transmitter logic of the Octal ART. The TxRDY fice is 
cleared and the transmitter holding register’s contents are lost. The transmitter enable (TxEN) bit 
in the line’s command register is also cleared by RESET. If at the end of the reset process, the TxEN 
is reasserted and TxRDY bit is reasserted. Software clearing of TxEN alone produces results 
different from the full RESET in that the transmitter holding register’s contents are not lost; they 
are transmitted when TxEN is set again. 


Status register—Each line has a read-only status register that provides information about the 
current state of the given line. This register indicates a line’s readiness for transmission or reception 
of data and flags error conditions in its bit fields. Figure 3 shows the format of the status register. 
Table 4 lists the flag bits in each status register. 7 


7 6 5 4 3 2 1 0 
DSR | 
DCD 
FER 
ORR 
PER 
 TxEMT 


RxRDY 
TxRDY 


Figure 3 = 78808 Status Registers (Line 0-7) Format 
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Table 4 - 78808 Status bes sti (Lines 0-7) Desspon 
_ Description | 





_ DSR (Data set ready) —This bit is the jester state of the DSR ie. oes 
Dep (Data set carrier detect)— This bit is the inverted state of the BoD a ah 





_ FER (Frame error)—Set when the received character currently, displayed in the 
‘receiver buffer register was not framed by. a stop bit. Only the. first stop bit is 
checked to. determine that a framing error exists. Subsequent reading of the 
receiver buffer register that indicates all zeros (including the parity bit, if any) can 





be interpreted as a Break condition. This bit is cleared by clearing RxEN (bit 2 2) 0 
the command register, by asserting the RESET input, or by setting the reset error 
RERR (bit 4) of the command register. 





ORR (Overrun error)—Set when the character in the receiver buffer register was 
not read before another naracter was received. Cleared by clearing RxEN (bit 2) of 
the command register, by asserting the the RESET i input, or by setting reset error 
RERR (bit 4) of the command register. 


PER (Parity error)—If parity is enabled afd this bit is set, the received character in 
the receiver buffer register has an incorrect parity bit. This bit is cleared by clearing 
RxEN (bit 2) of the command register, by asserting. the RESET input, by setting 
reset error RERR (bit 2) of the command Tegister, or by reading the current 
character in the receiver buffer register. ; 











TxEMT (Transmitter empty) —Set when the transmitter serialization logic for the 

associated line has completed transmission of a character, and no new character has 

been loaded into the transmitter holding register. Cleared by loading the transmit- 

ter holding register, by clearing TxEN (0) of the command ees or al aserting 
the RESET input. 





RxRDY (Receiver buffer ane on ~t a were me been loaded into the 
FIFO buffer from the deserialization logic. Cleared by readir : 





ig the receiver buffer 
ad. segistes; or ty asserting the 





“e register, by clearing RxEN Ne (bit ii in \ the: comma 
RESET input.. | 





TxRDY (Transmitter ine register aa When set, this bit indicates that the 
transmitter holding register is empty. Cleared when the program has loaded a 
character into the transmitter holding register, when the transmitter for this line is 
disabled by clearing TxEN (bit 0) in the command register, or by asserting the 
RESET input. This bit is initially set when the transmitter logic is enabled by the 
setting of TxEN (bit 0) and the transmitter holding register is empty. This bit is not 
set when the automatic echo or remote loopback modes-are programmed. Data can 
___ be overwritten if a consecutive write is performed while TxRDY is cleared. 
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Mode registers 1 and. 2—These read/write registers: control the attributes (including parity, 
character length, and line speed) of the communications line. 


Each of the eight communications lines has two of these registers, both 3 by the same 
address on ADD <5:0>. Successive access operations (either read or write, in any combination) 
alternate between the two registers at that address by use of an internal pointer. The first operation 
addresses mode register 1, the next address mode register 2, and another after that would recycle 
the pointer to mode: register 1. The pointer is reset to point to mode register 1 by RESET or by aread 
of the command register for this line. These registers should not be accessed by bit-oriented 
instructions that do read/modify/write cycles such as the PDP-11 BIS, BIC, and BIT instructions. 


Figure 4 shows the format of mode registers 1 and Table 5 describes the function of the register 
information. : 


7 6 5 4 3 2 1 0 
STOP. | 
— PAR CTRL | 


CHAR LENGTH — 
_ RSRV 
MCIE 





Figure 4 = 78808 Mode Registers 1 (Line 0-7) Format 


Table 5+ 78808 Mode eis anh 1 ines 0-7) Description 





Bit Description a 
7,6. ~~ +. $TOP—These bits determine the number fe stop ae ve are appended to the 
transmitted characters as follows. These bits are cleared by asserting the RESET 
input. | 
Bits ar Stop Bits 
Lo | 
Ov & Invalid 
0 1 1.0 | 
1 0 1.5 
1 ier 3.6 ; 
5,4 ~~ PARCTRL (Parity control) —These bits determine parity as follows and are cleared 
by asserting the RESET input. X=either 1 or 0. 
Bits Parity Type 
5 4 
1 1 Fven 
0 1 Odd 
X 0 Disabled 
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CHAR LENGTH (Character length) — These bits detertittna the length (excluding 
start bit, parity, and stop bits) of the characters received and sent. Received 
characters of less than 8 bits are “right aligned” in the receiver buffer with unused 
high-order bits equal to zero. Parity bits are not shown i in the receiver buffer. The 


character length bits are cleared by asserting the RESET input. The character 





length bits are defined as follows: : 
Bits Bit Length 

ire | 

0 0 p) 

0 ~ J 6 

1 0 7 

1 Lis 8 





RSRV (Reserved and cleared by asserting the RESET input. ) 


MCIE (Modem control interrupt enable) —When set and RxIE (bit 5) of the 
command egister is set, the modem control interrupts are enabled. Refer to the 
apt Scanner and Interrupt Handling inforgnation. iat by asserting the 








| RESET i inp 


Figure 5 shows the format of mode registers 2 and Table 6 indicates thie baud rate ee of the 
register. Bits 7 through 4 of mode register 2 control the transmitter baud rate and bits 3 through 0 


control the receiver baud rate. These registers are cleared by asserting 





input. 


XMIT RATE 
RECV RATE 





Figure 5 78808 Mode Rasen 2 Line 0-7) Format 
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Table 6 = 78808 Mode Registers 2 (Lines 0-7) Description 


Bit Description. _ | | Se , 
7:0 ' XMIT RATE/RECV RATE FE (ihenamivec/Receves oes the baud rate of the 
transmitter (bits 7:4) and receiver (bits 3: ie as follows: 
- Transmitter Bits | _—-Receiver Bits Nominal Actual — Error* 

7 6 5 4 3 2 1 0 Rate’ Rate (percent) 

0 oOo oO 0 0 0 O O 50 same — 

0 oOo oO 1 0 0 oO 1 75 same — 

0 0 Ni 0 0 0 1 0 110 109.09 0.826 

0 0 I 1 0 0 1 1 134.5 133.33 0.867 

0 1 0 0 0 1 0 0 150 same a 

0 1 0 1 0 i O« 1 300 same — 

0 1 1 0 0 1 1 0 600 same ao 

0 1. L-1l- 0 1 1 21 1200 same — 

1 0 0 0. 1 0 0 O 1800 1745.45 3.03 

1 O 0 1 1 O 0 1 2000 2021.05 1.05 

1°". 1 "0 1 OO 1 0 £2400 same — 

1 OQ Ts *J 1 0 i 1 3600 3490.91 3.03 

1 1 0 0 1 1 0 0 4800 same — 

1 1 0 1 1 1 0 1 7200 6981.81 3.03 

1 1 1 0 1 1 1 0 9600 same ee 

1 1 1 1 1 1 1 1 19200 same a 


*The frequency of the clock i input (CLK) is 4.9152 MHz. The clock i input may vary by 0.1 percent. 
This variance results i in an error that must be added the. error listed. 


Command register-These read/write registers control various functions on the selected line. Figure 
6 shows the format of the command registers and ‘iable 6 describes the function of the register 
information. 


7 6 5 4 3 2 1 0 
b ceatan Vemaaemmeedl | 
OPER MODE ae! 


RxlE 
RERR 
TxBRK 
RxEN 
TxIE 
TxEN 


Figure 6 » 78808 Command Registers (Line 0-7) Format 
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Table 7s 78808 Command Registers (Lines 0-7) Description 


4 Des cri pti on. 


OPER MODE (Operating eK noe bit control the operating mode of the 
channel as follows. These bits are cleared by asserting the RESET input. 


Bit Operating Mode | 
| es 
0 0 Normal operation 
0 1: Automatic echo 
1. 0... Local loopback 
1 1... Remote: loopback, 


RxlE (Receiver interrupt enable)—When set, te RxRDY Tee (bit 1) of the status 
register for this line will generate an interrupt. 


RERR (Reset error)— When set, this bit clears the Raininiy érror, overrun error, and 





parity error of the status register associated with t nis line. This bit must be cleared 


; before errors that occur will be recorded in the Se rus eee This bit i is — by 





SET input (not self- clearing). 





the ch 


‘number of bit times. This bit is cleared by asserting the RE SE 


TxBRK (Transmit break)—When set, this bit fouces the appropriate TxD <7:0> 
line to the spacing state at the conclusion of the character presently being 
_ transmitted. When the program clears this bit, normal operation is restored, and 
any character pending in the transmitter holding register is moved into the 
serialization logic and transmitted. The minimum break length obtainable is twice 





r length plus 1 bit time. The maximum break length depends on the 
amount of time between the t program setting and clearing this bit, but is an integral 
input. 

RxEN (Receiver enable)—When set, this bit enables the receiver logic. When 
cleared, it stops the assembling of the received character, clears all receiver error bits 
and the RxRDY (bit 1) of the status register, clears any receiver interrupt conditions 








associated with this line, and initializes a receiver oes Fis bit is eeaise wy 





‘SE “input. 





TxlE. Albarn interrupt enable)—When set, ee state of the associated TxRDY 
flag (bit 0) of the status register is made available to the interrupt scanner logic. 
When the interrupt scanner logic scans this line, it determines if the TxRDY flag is 
. asserted and generates an interrupt by asserting the IRQ IRQ signal. 








TxEN. (Transmitter enable) —When. set, this bit enables the transmitter logic. 


When cleared, it inhibits the serialization of the characters that follow but the 
serialization of the current character is completed. It also clears the TxRDY flag (bit 
0) of the status register, clears any transmitter interrupt conditions associated with 
this line, and initializes all transmitter logic except that associated with the 
transmitter holding register. The character in the transmitter holding register is 
retained so that XON/XOFF situations can be properly processed. This bit is cleared 
by asserting the RESET input. 
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Bits 5 through 0 enable the line’s receiver and transmitter, enable handling of interrupts, initiate 
the transmission of break characters, and reset error bits for the line. Refer to “Interrupt Scanner” 
and “Interrupt Handling” paragraphs for detailed interrupt information. Bits 7 and 6 control the 
operating mode of the line. The four modes that can be set are 


« Normal operation—The serial data received is assembled in the receiver logic and transferred in 
parallel to the receiver buffer register. (The RxEN bit must be set.) Data to be transmitted is 
loaded in parallel into the transmitter holding register, then automatically transferred into the 
transmitter logic and serialized for transmission. (The TxEN bit must be set.) 


Automatic echo—The serial data received is assembled into parallel in the receiver logic (the 
RxEN bit must be set) and transferred to the receiver buffer register. Arriving serial data is also 
routed to the line’s TxD <n> pin for serial output. TxEN is ignored and the transmitter logic is 

disabled. TxRDY flags and TxEMT indications are cleared. No transmitter interrupts are 
generated. 


Local loopback—The serial data from the RxD<n> input is ignored and the receiver serial 
input receives data from the transmitter serial output. That data is assembled into parallel form in 
the receiver logic (the RxEN bit must be set) and transferred to the receiver buffer register where 
it can be read by the program. Data to be transmitted to the receiver is loaded in parallel form into 
the transmitter holding register from which it is automatically moved into the transmitter logic 
and serialized for transmission. (The TxEN bit must be set.) The transmission goes only to the 
receiver serial input; the TxD<n> output is held high. As in normal operation, transmission 
and reception baud rates are controlled by the transmitter speed and receiver speed entries in 
mode register 2. 


Remote loopback—The serial data received on the RxD <n> line is returned to the TxD <n> 
line without further action. No data is received or transmitted. The RxRDY, TxRDY, and TxEMT 
flags are disabled. The TxEN and RxEN bits of the command register are held cleared, causing 
the transmitter and receiver logic to be disabled. 


Summary Registers , 

The Octal ART contains two registers that summarize the current status of all eight serial data lines, 
making it possible to determine that a line’s status has changed with a single read operation. These 
registers are selected for access by setting the appropriate address on pins ADD <2:0>. Because 
the registers are shared by eight serial lines, the line-selection bits (ADD <5:3 >) are ignored when 
these registers are accessed. Refer to “Interrupt Scanner and Interrupt Handling” for detailed 
interrupt information. 

Interrupt summary register—This read-only register indicates that a transmitter or receiver 
interrupt condition has occurred, and indicates the line number that generated the interrupt. 
Figure 7 shows the format of the interrupt summary register and Table 8 describes register 
information. 
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iRQ 
RAZ 
INT LINE NO. ' 

Tx/Rx - 


Figure 7 = 78808 Interrupt Summary Register Format 





hoa A insbaambaarb oreo 





6:4 


3" 


O* 


Tx/Rx (Transmit/receive)—This bit indicates wh th 


IRO ee eT set, this bit ee shat ig interrupt s 





has found an interrupting condition among the eight serial lines of the Octal ART 
~ These conditions also result in t! wai etal ART pitti the a i gnal. ; 


~ RAZ (Read as zero)—Not tised” 





INT LINE NO (Interrupting - line number) These bits Pas the line number 
upon which an interrupting condition was found. These bits correspond to the 


ne <2:0> signals—(bit 3= IRQLN <2 >, be 2 == TRQLN: < 1>, and bit 


1= IRQLN <0>. Refer to Table 3. 





ther ie interrupting condition 
was caused by a transmitter (Tx/Rx equals 1) ora receiver (Tx/Rx equals 0). This bit 
corresponds. to the IRQTxRx signal of the Octal ART and j is set when ROR is. 
asserted. 





_ *Bits 3-0 above represent the outputs of a free-running ins are valid only when bit 7 is set. 


Data set change summary register —When the DSR R or DCD inputs has are associated with a line 
change state, the bit corresponding to that line in this read-only register is set. The current state of 
the DSR and DCD inputs can then be obtained from that line’s status register. If the state of a line 
changes twice within one microsecond, The change in state may not be detected. Piguee:é 8 = 
the format of the data set change summary cu 


Fs 6 5 4 3 Pee 0 








DSCHNG 7—0 


Figure 8 = 78808 Data Set Change Summary Register Format 
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When the MCIE bit in a line’s mode register 1 is set and RxIE is also set, the modem control 
interrupts are enabled for that line. If DSCHNG for that line is then set, the interrupt scanner will 
halt and assert the IRQ signal. The data set change summary register bits are cleared by writing a 1 
into the bit position. A program that uses this register should read and save a copy of its contents. 
The copy can then be written back to the register to clear the bits that were set. The system 
interrupts should be disabled and writeback should directly follow the read operation. 


Assertion of the RESET signal disables and initializes the data set change logic. When the RESET 
signal is deasserted, future changes in DSR and DCD are reported as they occur. 


Interrupt Scanner and Interrupt Handling 


The interrupt scanner is a four-bit counter that sequentially checks lines 0 through 7 for a receiver 
interrupt (counter positions 0-7) and then checks the lines in the same order for a transmitter 
interrupt (counter positions 8-15). If the scanner detects an interrupt condition, it stops and the 
IRQ signal is asserted. An interrupt must be serviced by software or no other interrupt request can 
be posted. | 

The scanner determines that a line has a receiver interrupt if fe line’s receiver buffer is ready and 
receiver interrupts are enabled for that line (RxRDY and RxIE=1) or either of the line’s modem 
status signals has changed state and both receiver and modem control interrupts are enabled for 
that line (DSCHNG and RxIE and MCIE = 1). 

The scanner determines that a line has a transmitter interrupt if the line’s transmitter holding the 
register is empty and transmitter interrupts are enabled for that line (TxRDY and TxIE = 1). 


When the scanner detects an interrupt, it reports the line number on the IRQ<2:0> lines. The 


- IRQTxRx signal is asserted for a transmitter interrupt and deasserted for a receiver interrupt. The 


appropriate bits are also updated in the interrupt summary register. The IRQ line is deasserted and 
the scanner is restarted for each of the following three types of interrupt conditions. 


= Reading the receiver buffer or resetting the RxlE bit of the interrupting line for the first type of 
receiver interrupt previously described. 


. Resetting the MCIE, RxIE, or DSCHNG bit of the interrupting line for the econd: type of 
receiver interrupt previously described. 


- Loading the transmitter holding register or resetting the TxIE bit of the intesrapene line for 
transmitter interrupts. 


If the scanner was originally stopped by a receiver interrupt condition, the scanner resumes 
sequential operation from where it stopped, thus providing receivers with equal priority. If the 
scanner was stopped by a transmitter condition, the scanner restarts from position 0 (line 0’s 
receiver), thus giving receivers priority over transmitters. 


Edge-triggered and Level-triggered Interrupt Systems 


If the interrupt system of of the Octal ART is used only for generating interrupts for thee RxRDY and/ 
or TxRDY flags, the IRQ line can be connected to a processor having either edge-triggered or level- 
triggered interrupt capability. If the modem control interrupts are being used (MCIE in mode 
register 1=1), the IRQ line can be connected only to a processor that uses level-triggered 
interrupts. 
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- Modem Handling 


The TxEMT (transmitter empty) bit of the status register is typically used to indicate when a _ 
program can disable the transmission medium, as when deasserting the request-to-send line of a 
modem. A typical program will load the last character for transmission and then monitor the : 
TxEMT bit of the status register. 


- The assertion of the TxEMT bit to indicate that transmission is complete may 0 occur a substantial 


time after the loading of the last character. After the last character is loaded, one character is in the 
transmitter holding register and one character is in the serialization logic. Therefore, it will be two 
character times before the transmission process is completed. Waiting for the TxRDY signal to. 
assert before monitoring the TxEMT status shortens this by one-character time because the TxRDY 
status bit indicates that there are no characters in the transmitter holding register. The times 
involved are calculated by taking the reciprocal of the baud rate being used, multiplying by the 
number of bits per character (a start bit—5, 6, 7, or 8 data bits; plus parity bit if enabled; and 1, 1.5, 
or 2 stop bits), and multiplying by either two characters. or one, depending on when TxEMT | 


monitoring begins. 


Specifications 


The mechanical, electrical, and environmental soe and specifications for the Octal ART 
are described in the following paragraphs. The test conditions for the electrical values are as follows 
unless specified otherwise. 


- Temperature: 0°C to 70°C 
= Power supply voltage (Vpp): 4.75 V to 5.25 V 


Mechanical Configiiehiien 


_ The physical dimensions of the 68-pin package are contained in Appendix E E. 


Absolute Maximum Ratings : 2 
Stresses greater than the absolute maximum ratings may cause permanent rate to as device. 


Exposure to the absolute maximum ratings for extended periods bd = affect the 
reliability of the device. 


= Power supply voltage (Vpp): 7.0 V 
: Input or output voltage applied: -5Vto7.0V 
= Storage temperature: -65°C to 125°C 


Recommended Ope.ating Conditions. 
« Power supply voltage (Vpp): 5 V +5% 
« Operating temperature (T,): O°C to 75°C © 


de Electrical Characteristics : ate ae | | 
The dc electrical characteristics of the Octal ART for the operating voltage and temperature ninges 
specified are listed in Table 9. - 
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Table 9 =» 78808 dc Electrical Characteristics 





Symbol Parameter Test Condition _ Requirements — Units 
Vin —-— High-level ‘ | HE SO es OY 
input voltage - | 
Va Low-level == | ee et OB 
. cinppt voltage |. er eee _— 
... Output voltage l=-3. 5 mA for DL<7:0> : . 
. Ion = -2.0 mA for all 
remaining output except | 
TRO and RDY a, 
Vice Low-level Vp = Min. | — 04 +V 
output voltage Io, =5.5 mA for DL<7:0> 
Ip, = 3.5 mA for all 
remaining outputs 
ha Input current Von = Max. — 10 pA 
input voltage | eve 
Le Input current Vop = Max. —  =10 pA - 
at minimum V,=0.0 V | 
- input voltage 
Le Short-circuit Vop = Max. -50 —_-180 mA 
output current. 
for DL<7:0> 
all remaining -30 -110 .mA 
outputs except , 
IRQ and RDY : 
output current Vo=0.4V . 
j ee Three-state Vopp = Max. _ 10. £wpA 
output current Vo=2.4V 
lig Supply current Von = Max. © — 240 mA 
Tx = 0° 
Ce Input — 40 pF 
capacitance | fs 
CG. Input/output — 5.0 pF 
capacitance 


‘No more than one output should be short circuited at a time and the duration of the short should 


not exceed 1 second. 


2All three-state output drivers are wired in an rY/O en The parameters include the driver ) 


and input receiver leakage currents. 
>The parameters include the capacitive loads of the output driver and the input receiver. 
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The device’ propagation Adder specified i in the ac characteristics oa Figs. and tables assume the 
loading conditions shown in Figure9. 





TEST } 
POINT Vop Vop 
FROM — 
OUTPUT 
_ “USED ONLY FOR IRQ and RDY. 
LOAD A —STANDARD OUTPUTS _ 
FROM 
OUTPUT“ 





S1 CLOSED: PULL UP 
$2 CLOSED: PULL DOWN 
S1 AND S2 CLOSED: DIVIDER 


i. 


LOAD B — THREE—STATE OUTPUTS 


Figure 9» 78808 Output Load Circuits 


Confidential and Proprietary 3-19 








Timing Parameters 

Figure 10 shows the signal timing for a read cycle to transfer information from the Octal ART to the 
processor. Figure 11 shows the signal timing for a write cycle to transfer information from the 
processor to the Octal ART. Table 11 lists the timing parameters for the read and write cycles. 


DS1/DS2 : 
tpPWH 





aoo<s0> | || vaupavoress [| MX —SSSSSSCSC—S 


aly 7 





WR 

cS 

RDY 

DL<7.0> i oe : 
DD—»| | ‘pDz, tDDHZ 


IRQ faut | ~/ 
pe— 1D 


Figure 10 = 78808 Bus Read Cycle Timing 
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DS1/DS2 


ADD< 5:0> 


Bl 


RDY 


DL<7:0 > 


aay see Tt 





toPWH 





(~[Tvarioaponess TX CC*C“‘(C‘(X 


og tasu : es taHo 





twHO 





tcHo 


VALID DATA IN 
—'psu tpHo 


7 m_ ™ 


be ti D a 


Figure 11 = 78808 Bus Write Cycle Timing 


Table 10 - 78808 Bus Read and Write Timing Panne 





Syr-bol Definition : “Requirements | | 
(ns) Load 
Min. Max. — Ciret secuit! 
thus Hold time of a valid ADD <5: :0> ab i oes a oH | 
DSi and Ds2. | AQ! ce 
tasu Setup time of a valid ADD <5: 0> 20 the falling edge ot gun 
DSi and DS2. 300 
tons Hold time of a valid low level of S toa valid high level of 
DSi and DS2. : Wot ai 
tan Setup time of a valid low level of CS to the ges oe of 
DSI and DS2. 30 3 — 
top __ Propagation delay of a valid low level on DSI and DS2 (if 


CS is low and WR is high) to valid high or low data on 
DL<7:0>. 


— 165. C=150pF 
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'Refer to Figure 9 for the load circuits used with these measurements. 
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Symbol Definition 
topiz? Propagation delay of a valid high level on BSI and DS2 © 
a (if CS is low and WR is high) to DL<7:0> output 
drivers disabled. 
tppiz 
topnz 
tppiz 
topnz 
tppiz 
topuz 
ti Propagation delay of a valid low level on DSI and DS2 (if 
Gan CS is low and WR is high) to DL<7:0> output driver 
enabled. 
tppz 
topzxu 
tne Hold time provided during a read cycle a Octal ART of 
valid high or low dataon DL<7:0> after the rising edge 
of DSI and DS2. 
ties Hold time of a valid DL<7:0> to a valid high level of 
DSi and DS2. 
topwo Pulse width high of DST and DSZ2. 
typpwur Pulse width low of DSI and DS2 when WR is high (read 
operation). Refer to timing parameter tppwiw also. 
topwiw Pulse width low of DS1 and DS2 when WR is low (write 
operation). Refer to timing parameter tppwrp also. 
tien Setup time of a valid DL<7:0> to the falling edge of 
DSI and DS2. 
ta Propagation delay of a valid low level on DS1 and DS2 (if 
CS is low) to a high level on IRQ. 
on Propagation delay of a valid high level of CS to a valid 
high level on RDY. | 
tiene Propagation delay of a valid low level on CS to a valid low 
~ level on RDY. 
tas Hold time of a valid high: or low level of WR to a valid 
high level of DS1 and DS2. : | 
twsi Setup time of a valid high or low level of WR to ‘he 
: falling edge of DSI and DS2. 
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Requirements 
(ns) 
— 50 
— 50 
foi 60 
— 60 
— 65 
a 65 
0 165 
0 165 
oe 
5 Ae eas 
450 — 
180 10,000 
130 10,000 
30 — 
—— 635 
— 210 
- 90 
10 — 
30 — 


78808 


Load 
Circuit’ 


C, = 150 pF 





Prelimi 


?The tppiz and tppxz parameters are measured with C,= 150 pF. The values of tppiz and tppyz for 
C, =50 pF and C, = 100 pF have been derived for user convenience. 

Total rise time depends on internal delay plus the pullup delay introduced by the external resistor 
being used. The t,, parameter can be calculated by the following: ty = 500+ RG, where R=value of 
the resistor that connects to capacitor C, in load A, Figure 9. 

‘Total rise time depends on internal delay plus the pullup delay edad by the external resistor 
being used. The tgp parameter can be calculated by the following: tany= 15 3+ Bh where R= value 
of the resistor that connects to capacitor oe in load A, See 9. | 





Figures 12 shows the signal timing ae the clock input, inbesivine timing, effect of the RESET RESET i revi 
on data strobe, data set carrier detect (DCD) and data set’ ready (DSR) i the 
transmit data output timing. Table 11 lists the timing parameters for Fi 












CLK | , 
Le tcPWL ___ tcp —ele- tCPWH-o| 

CLOCK. 
IROLN <2:0> IROTxRx 
iRQ | | si f | . 

INTERRUPT ~ 
RESET 

trRES 
DS1/DS2 | 
-‘tDRSU ! ‘DRHO 
EFFECT OF RESET ON DATA STROBE 


DCD/DSR <7:0> VALID DCD/DSR DATA l) 


tospw 


DCD/DSR INPUT | 


TxD< 7:0> 
ee = a 


TRANSMIT DATA OUTPUT 


Figure 12 « 78808 Miscellaneous Signal Timing 
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‘Table 11+ * 78808 Miscellaneous Write Timing Parameters eae! eee 





Symbol Definition _ ie ee eee Rerpeianent (ns) ‘Load | 
| Cr Min Max. Circuit? 
tcp Period of CLK. | 203.45 (4.9152 MHz) 
tows Pulse width high of CLK. | 8 
tien: Pulse width low of CLK. 95 — 
Ga Hold time of a valid high level of DST and DS2 to 
a valid high level of RESET. 1,000 — 
torsy «Setup time of a valid high level ak DSi and DS2 to 
the rising edge of RESET. 900  — 
tospw Pulse width high or low of DCD<7:0> and 
DSR<7:0>. 1,000 — 


tins Hold time provided by Octal ART from a valid 
IRQLN<2:0> and IRQTxRx to a valid high 


level of IRQ. 100 — | C,=50 pF 
tei Setup time provided by Octal ART from a valid 
| IRQLN <2:0> and IRQTxRx toavalidlow level 
of IRQ. — 100 — C,=50 pF 
tees Pulse width low of RESET. 1,000 — 


Cruse Pulse width high or low provided by Octal ART 
on the TxD <7:0> lines. At each baud rate, the 
actual pulse widths provided vary by trysx. This 
timing parameter should be used to determine 
cumulative reception/transmission errors. +250 — C,=50 pF 


*Refer to Figure 9 for the load circuits used with these measurements. 
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Figure 13 shows the input and output voltage waveforms for the propagation delay and setup and 
hold measurements. Figure 14 shows the waveforms for the three-state outputs measurements. 


Vin (2.4 V) 


2.0V 
INPUT STROBE 9.8 y 


L celiicesliamnastiiacnallioss! f OO 


es tHo * | tHor 


Vit (0.8 V) 
SET-UP AND HOLD 


Vin (2.4 V) 20 


2.0V --—- 


U5: see” 5 Gene eer enc ere, 









INPUT 


OUT-OF-PHASE OUTPUT 


Vo ((0.8 VF - -— +---—-- 
tL-H 
VG(20V) a icie oe ele ce 


IN-PHASE OUTPUT 


Vo (0.8 V) 


PROPAGATION DELAY 


Figure 13 « 78008 Propagation Delay and Setup and Hold Voltage Waveforms 
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MINA 
| 20V.—--\-----—---— 


Vit (0.4 V) 








tz, (NOTE 3A) 
(NOTE 3C) 


Vou (4.5 V) 


OUTPUT (SEE NOTE 1) 1.5V 


VoL +0.5. —--— — p—-\----- ~—- Vo_ +0.5V 
VouT (AS MEASURED) ——-—| 


selene ceeded 


tzy (NOTE 3B) 
ae - (NOTE 3C) 
Vout (AS MEASURED) -————— 
ere ee ——— Voy -0.5V 
eH 1.5V Sn 15V 
OUTPUT Vo, (NOTE 2) | , 
| (0.0 v) 


THREE-STATE OUTPUTS 


NOTES: 
1. INTERNAL CONDITIONS ARE SUCH THAT THE OUTPUT IS LOW EXCEPT WHEN DISABLED BY 
THE OUTPUT CONTROL. 


2. INTERNAL CONDITIONS ARE SUCH THAT THE OUTPUT IS HIGH EXCEPT WHEN DISABLED BY 
THE OUTPUT CONTROL. 


3. REFER TO FIGURE 9. A = S1 CLOSED, B = S2 CLOSED, C = S1 AND S2 CLOSED. 


Figure 14 = 78008 Three-state Output Voltage Waveforms 
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. Hlindwate eoipalle with Digital’ s ca 11 Sea one interfaces ; 





. Asynchronous: operation _. 





« Overrun and framing error detaction aa ra ae ees 





. Compatible. with both 8- and 16 -bit data paths _ eal 
« Internal baud rate generation from 300 baud to 38. ak baindi 
« Four realtime clock interrupt outputs. 








« One stop bit only 





- Common baud rate for both transmitter and receiver | 
« Single 5-volt power supply 
« Single TTL clock 


Desciption 


The DC319-AA is a Digital Link (DL11) ecaphaibie, async receiver/transmitter (DLART) 
designed for data communication between Digital’s microprocessors and console terminals or 
communication devices. The DC319-AA, fabricated using N-channel MOS silicon technology, i is 
contained in a 40-pin dual-inline (DIP) package that can be conveniently installed on a micropro- 
cessor module or interface module, PRE Lis a block dingo of the DC319-AA DLART. 





























DAL<15:0> 
ae 
| BUFFER yan 
| INTERNAL ) 
DATA BUS a rs - 
s a. ! MAINTENANCE 
Al | 
i RECEIVER 
e connor [> seve 
cs Ol REGISTER CONTROL Rev 
— | ACCESS 
RD CONTROL 
WB ° 
INIT oun 
“ SHIFT REG ‘ 
(P — S) 
is MITTER . ll 
da CONTROL 
ert BAUD 
BRS2 RATE ; 76.8KHZ 
— CONTROL 
ath 800 HZ 
60 HZ 
~ 50 HZ 





Figure 1» DC319-AA DLART Block Diagram 
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_ The DLART is  progra ramn oe by the CPU to operate in either 8-bit or 16-bit mode with asynchron- 
ous baud rates varying from 300 to 38.4k. The DLART accepts data characters from the CPU in 
parallel format and converts them into an asynchronous serial-data stream for transmission. It. 
can simultaneously receive serial-data streams and convert them into parallel data characters for 
the CPU. The DLART notifies the CPU when it is ready to accept new characters for transmission 
or when it has received a character from the serial line. The DLART contains an internal baud- 
rate control to reduce support logic required to select baud rates. It also provides four realtime 
interrupt outputs. The CPU can read the complete status of the DLART at any time including the 
indication of data transmission errors and the status of control signals. Device address detection, 
vector generation, and interrupt arbitration must be provided externally. The DLART provides 
the DL-defined internal registers allowing i it to operate with Digital software. : 





- Signal and Pin Descriptions 
The input and output signals and the power and ground connections for the DC319-AA 40- -pin 
DIP are shown Figure 2 and defined in Table 1. 


Vcc. 
| TEST 
| BRS2 
BRS1 
| RTCLK6O (60 Hz) 
RTCLK5O (50 Hz) _ 
4 1) RTCLK77 (76.8 KHz) 
BRK IRO 
CLK 
} BRSO 
[1] SO (SERIAL DATA OUT) 
} XMIT IRO 
} PBRI 
SI (SERIAL DATA IN) 
RCV IRQ 
RTCLK800 (800Hz) 
INIT 
O a2 
at 
| AO 


oo wn ook DW KH = 





TOP VIEW 


Figure 2» DC319-AA Pin Assignments 
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Table 1 = DC319-AA Pin and Signal Summary 





Pin Signal —~—~—«snput/Output* Definition/Function 
1 BD ann 2 input — Read—When asserted while the CS S signal is 


asserted and the WLBsignal is unasserted, the con- 
tent of the register selected by the A2, Al, and AO 
lines i is transferred to the DAL. 


re oe input = ——s Chip select When assert \0 is unas: 
| the contents of the DAL< 15:00> ita are trans- 





ferred to the register selected the A2 and A1 inputs. 


3 WLB input — Write low byte—When asserted and the AO input is 
| = —anasserted, the data on the low byte DAL<07:00> 
lines is written into the writable bits of the register 


selected by the A2 and Allines. __ 
19-4 DAL<15:00> input/output ~~ Data address lines <15:00> —Multipidézed bidi- 
. | | - Naneey rectional data lines. 





27. ~AO~ ~ input... Register byte select—When asserted, the high byte 
_. of the register selected by the A2 and A1 lines is 
os multiplexed to the I low byte DAL<07:00> lines. 











23. +~A2 . inputs Register address select—These inputs eae the 
22 Al internal register that i is accessible through the DAL 
24. —~=SINIT | input : Initialize—This input is used to reset the RCV IE bit 


in the RCSR register, and the XMIT IE, MAINT, and 
XMIT BRK bits in the XCSR register. 





ealtime clock interrupt (800 Hz)—This output 


25 RTCLK800 output Re 
’ | , pipvides an 800-Hz, 50% duty cycle signal. 


26 RCVIRQ  -—output_—=——~SCSsé#RReece¢ iver interrupt request—Thhis interrupt output is 
asserted when both the RCV DONE andl RCV IE bits 
. inthe RCSR are set. | 

27. SI ~—C input =———t~—~—~SsSS ert input —TThis input accepts an. asynchronous 


bit serial data stream. The input signal must remain 
in the high (marking) state for at least one-half bit 
time before a high-to-low (mark-to-space) transition 
is recognized. A mark-to-space transition is required 
to determine the beginning of a start bit and to 
initiate data reception. 
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29 


30. 


32 


33 


34 


35 


3-30 


XMITIRQ — 


sO 


CLK 


BRK IRQ 


RTCLK77 | 


/RICLK50 


DC319 


input > 


~ output 


output 


input 


output 


output 


output 


Programmable baud rate inhibit—This input is 
optionally held low externally by a jumper to ground 
or held high internally. Holding this line low disables 


‘the software programmable baud rate selection 


(clears the PBR2-0 and PBRE bits) but makes the 
DLAR DL-software compatible. 


Transmitter interrupt request—This interrupt 


‘request output is asserted only when both the XMIT 


RDY and XMIT IE bits in the XCSR are set. This 
output can also be cleared externally by being forced 
low (clamped to ground) by an open-collector tran- 
sistor for a minimum of 100 ns after being high for a 
minimum of 500 ns. 


Serial output—This output provides an asynchron- 
ous bit serial-data stream. This line remains high 
(marking) when no data is being transmitted. This 
line will remain low when the XMIT BRK bit in the 
XCSR is set. 


Clock in—This input requires a 614.4-kHz, 0.1% 
square wave. All baud rates and clocks are derived 
from this input. 


Break detected interrupt request—This output is 
asserted when the RCV BRK bit is set and is unas- 
serted by the TEST input or when the RBUF register 
is read. This output can also be cleared externally by 
being forced low (clamped to ground) by an open- 
collector transistor for a minimum of 100 ns after 
being high for a minimum of 500 ns. 


Realtime clock interrupt (76.8 kHz)—This output 


provides a 76.8-kHz, 50% duty cycle signal. After 
being high for a minimum of 500 ns, this output can 
be cleared externally by being forced low (clamped 
to ground) with an open-collector transistor for a 
minimum of 100 ns. 


Realtime clock interrupt (50 Hz)—This output pro- 
vides a 50-Hz, 50% duty cycle signal. After being 
high for a minimum of 500 ns, this output can be 


_ cleared externally by being forced low (clamped to 


ground) with an open-collector transistor for a mini- 


mum of 100 ns. 
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38,37, BRS<2:0> 


31 

39 TEST 
40 Vec 
20 Vss 





Input/Output* Definition/Function 


output 


input 


input 


input 


input 


Realtime clock interrupt (60 Hz)—This output pro- 
vides a 60-Hz, 50% duty cycle signal. After being 
high for minimum of 500 ns, this output can be 
cleared externally by being forced low (clamped to 
ground) with an open- -collector transistor for a mini- 

~ mum of 100 ns. 


Baud rate slo Thee | inputs select the rabies 
and transmitter baud rates when the PBRE bit is 
_- cleared as follows: The inputs are optionally asserted 
low by a jumper to ground or held high internally. 
; BRS Line Baud rate 


300 

~ 600 

_ 1,200 
2,400 

4,800 

9,600 

19,200 
38,400. 


Test—This input is used during modle kab 
and test to disable all DLART outputs. It is also used 
in a system during powerup to reset all internal logic. 


Perr Sg 


Jeommecmn® 
Perce eas 


Voltage—Power supply voltage. 


Ground reference 


*Input and output signals are TTL levels. 
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DC319° 
Read and Write Control Functions 


Table 2 lists the control eae levels and transitions required to select ‘hie read and write func- 
tions of ie DC319-AA : 


Table 2 « DC319-AA Read and Write Control Functions 


Control Signals* __ denies. 

AO Cs RD #WHLB Function 

L L L H Read—Register bits 15:00 to DAL< 15:00> 
H L L H Read—Register bits 15:08 to DAL<07:00> 
x H i | x Read—no effect 

Xx x L L Read—no effect 

L A x L Write—DAL < 15:00> to register bits 15:00 
L L x A Write-DAL <07:00> to register bits 07:00 
x H x A Write—no effect 

i xX x A Write—no effect 


*x = either high or low 
A =low-to-high transition 


- Register Assignments 


The DL11-defined internal registers are described in the following paragraphs and are available to 
the user to program and monitor the operation of the DC319-AA. 


Receiver Control and Status Register 
The receiver control and status register (RCSR) controls the operation of the receiver and indi- 
cates status. Figure 3 shows the format of register, and the register information is described in 


Table 3. 
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Bit Description 
15-12 RAZ (Read as zero) : ER 8 §, 
11 RCV ACT (Receiver active) —A adn bit set when the receiver is active. This bit is set 


at the center of the start bit, which is the beginning of the i input serial data and cleared 
one bit at a time before the leading edge off RCV DONE or TEST signal. 


10-08 RAZ (Read as zero) 


07. RCV DONE (Receiver done)—A ealoaly bit set Tea an entire ay has bath received 
and transferred to the RBUF register. This bit is cleared by reading the RBUF register or by 
the TEST signal. 


06 RCV IE (Receiver Interrupt Enable)—A pead/orite bits set GMs program saaeel The 
| RCV IRQ line follows the RCV DONE bit and allows an interrupt request to be made when 
~RCV DONE is set. This bit is cleared ic the INIT sian: aod by the TEST signal. 


05-00 RAZ (Read as zero) 








Receiver Buffer Register hee Se 

The receiver buffer (RBUF) register is a read-only register ‘hat stores (ine eet iafsrnation 
received from the device and indicates error status. Figure 4 shows the format of the information 
in the RBUF register and Table 4 contains a description of the register information. 





Figure 4» DC319-AA Receiver Buffer Register Format 
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Table 4 = DC319-AA Receiver Buffer Register a 
Bit Description — 


15 ERR (Error)—A read-only bit set when the overrun or the framing-error bit is set. It is 
cleared by removing the error-producing condition. 


14 OR ERR (Overrun error) —A read-only bit set when a received byte is transferred to the 
RBUF register before the RCV DONE bit is cleared. An overrun error indicates that 
reading of the previously received byte was not completed prior to receiving a new byte. 
This bit is updated when byte is transferred to the RBUF register and is cleared by the 
TEST signal. 


13 FR ERR (Framing error)—A read-only bit set when a received byte without a valid stop bit 
is transferred to the RBUF register. This bit is cleared by the TEST signal or when a 
received byte with a valid ae bit is transferred to the RBUF register. 


RAZ—Read as zero. 


11 RCV BRK (Received break) —A read-only bit set when the serial-in (SI) signal ¢ goes froma 
_mark to a space and stays in the space condition for 11 bit times after serial reception 
starts. This bit is cleared when the SI signal returns to the mark condition or ‘i the TEST 

signal. 


10:08 RAZ—Read as zero. © 


07:00 RCV DATA BUFFER (Received data buffer)—Read-only bits that store the 1 most tecent 
byte received. When a new byte is transferred to the RCV DATA BUFFER, the RCV DONE 
bit in the RCSR is set. These bits are cleared by the TEST signal. 


BK 


Transmitter Control and Status Register | 
The transmitter control and status register (KCSR) controls the operation of the transmitter in 
the DC319-AA. Figure 5 shows the format of the information in the register and Table 5 contains 
a description of the register information. 


15 08. 06 05 04 03 02 01 00 
a (en a a CO TT TT 


XMIT[XMIT| pero PBRO MAINT PBRE| SV | 


Figure 5 «DC319-AA Transmitter Control and Status Register Format 





A2 Al 


-XCSR 
o.. . 
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15:08 


07 


06 


05:03 


- initiated when the XMIT RDY bit is set. This bit is cl a 


RAZ Z (Read as zero) 


XMIT RDY (Transmitter ready)—A read-only bit is set when the XBUF is ready to accept 


a byte. This bit is cleared by writing to the XBUF and is set by TEST signal. 


XMIT IE (Transmitter interrupt enable)—A read/write E bit set under program control. 
The XMIT IRQ line follows the XMIT RDY bit and all yws an interrupt request to be 
1 by the INIT and TEST signal. 








PBR2-PBRO(Programmable . baud rate select)—Indicates the transmitter baud rate 





selected as follows: These bits are cleared by the TEST or PBRI (programmable baud rate 


inhibit) signal. These bits are read-only as zero when the PBRI input is asserted. 


Bit 

05 04 03 Baud rate 
0 0 O- 300- 
0 0 1 © 600° 
0 1 0 1,200 

0 1 1 2,400 

1 0 0 4,800 
1 0 1 9,600 

1 1° 0 19,200 

| 1 mae | 38,400 





02 


01 


_ MAINT, (Maintenance) —A read] write bit used ‘to facilitate a m maintenance se 








this bit is set, the transmitter serial output is connected to the receiver serial i input. The 
external serial input is disconnected. This bit is ‘cleared by the INIT or TEST signal. 


01 PBRE (Programmable baud rate enable) —This bit selects the internal and external baud 


rate. When set, the baud rate is determined by the PBR <2:0> bit in the register. When 
clear, the baud rate is determined by the BRS<2:0> inputs. This bit is cleared by the 
TEST or PBRI (programmable baud rate inhibit) signals. This bit is read-only as zero when 
the PBRI input is asserted. Otherwise it is read/ 





06°7 Te Bua (liens baoeh:LiA; wads bd bersios che ela obit 490) dies 





forced to a space condition. This bit is cleared by the INIT and TEST signals. 
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Transmitter Data Buffer Register | | 

The transmitter data buffer (XBUF) register stores the data in the DC319-AA fot serial transfer to 
the device. Figure 6 shows the format of the information in the register and Table’6 contains a — 
description of the register information. 


A2 Al 


Figure 6 = DC319-AA Transmitter Data Buffer Register Format 





Table 6 « DC319-AA Transmitter Buffer Register Description 
Bit Description 
15-08 RAZ (Read as zero) 


07-00 XMIT DATA BUFFER (Transmitter Data Buffer)—A read/write byte ao stores a copy of 
the most recent byte written into it. When a byte is written into this register, the XMIT 
RDY bit in the XCSR register is cleared. This byte is copied into the transmitter serial- 
output register whenever the register is empty and the XMIT RDY bit is clear. The XMIT 
RDY bit is set when a byte i is copied from the XBUF 1 into the serial output register. This 
_ register is cleared by the TEST signal. 


" Specifications | 


The mechanical, electrical, and environmental characteristics and specifications for the DC319-AA 
are described in the following paragraphs. The test conditions used for the electrical values listed 
are as follows unless specified otherwise. Refer to Digital specification A-PS-2100002-GS for the 
general specifications for integrated circuits. 


= Operating temperature (T,): 0°C to 70°C 
« Power supply voltage (V,,): 5 V +5% 


Mechanical Configuration 
The physical dimensions of the DC319-AA 40-pin DIP are contained in Appendix E. 
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Absolute Maximum Ratings “ 
Stresses greater than the absolute maximum ratings may cause permanent damage to the device. 
Exposure to the absolute maximum ratings for extended periods may adversely affect the 
reliability of the device. These ratings are for stress conditions only and do not imply that the 
device will function properly at these ratings or ratings above those indicated. 


= Power supply voltage (V_,): -0.3 V to 7.0 V - 











- Ambient temperature under bias: 0°C to 70°C 

« Voltage on any pin with respect to ground: -0.5 V to 7.0 V 
= Storage temperature: —65°C to 150°C 

Relative humidity: 0 to 95% {noncondensing), 

« Power dissipation: 1.0 W 


Recommended Operating Conditions 
= Power supply voltage (V,,): 5 V +5% 
: Ambient temperature (T,): 0°C to 70°C 


dc Electrical Characteristics | 
The dec electrical parameters of the DC319-AA for the operating voltage and temperature ranges 
specified are listed in Table 7. Refer to Appendix C for the test circuit configurations referenced in 
the table. All input and output signals are TTL levels. 






Table 7 DC3I9-AA dc Input and biel Chars teristics 
Parameter Symbol ‘Test Conditions 









Low-level Vin -0.5 0.8 V C1LG2 
input voltage 


Highlevel | Vine coe oP hae 20 GE Mees VO CLC2 
input voltage _ , oe eas 


Low-level Vo. I =2.2 mA = 04 V C2 
output voltage | ese | a | 

High-level Vor Io. = -400 pA 2.4 i V C1 

output voltage | 

voltage - | 

Output float } Pe Vew=Vec to0.4V — 10 pA 

leakage 


current 
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Parameter Symbol Test Conditions Requirements = Units _‘ Test 
Input In Vi=Vec to0.4V — 10 pA... -C5 
leakage 

current 

Power supply | Alloutputs=high — 100 mA C7 
current 

Vin Output 

current 

DAL Vin | Oe Vout sd N ce to 0.4 V -700 ee yA C1 
output | 

current 

Standard Lee Veet = Voc to 0.4 V 1.6 amas mA C2 
Vu Output 

current 

output | 

current 


ac Electrical Characteristics 

The switching characteristics of the output signals are listed in Table 8. Refer to the input and 
output waveforms in Appendix D for the symbols referenced in the table. The signal timing for a 
read and write data and control cycle is shown in Figure 7. Table 9 defines the timing parameters 


_ listed in Figure 7 for the operating temperature and voltage ratings specified. 


Table 8 » DC319-AA Signal Switching Characteristics 


Symbol Description Signal Requirements (ns) 
Min. Max. 
ta/tp Rise time/Fall time* Interrupt request outputs (IRQ) ~ 250 
Serial-data outputs (SI) — 150 
Baud-rate clock (BRCLK) a 150 


*Each DAL line drives 200 pF load. All other outputs drive 1 TTL unit load and 50 pF load. Timing 
measurements are made at 2.0 V on a low-to-high transition and at 0.8 V at a high-to-low 
transition. 
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VALID ADDRESS _ 



















tew 100 NS MIN. 







tas 


taH 
50 ns min | 


Ons min 







oe eter 


ttr 


PEND oy og (OEE yy 5O.ns max 






4 10ns min of... . 





- DATA VALID DATA: ~ 


WRITE _ 





tos -e Es Baber & 
100 ns min 


| tcvc400 ns min 


Figure 7 . DC319-AA Read and Write Data and Control Cycle Timing 7 





Time D sptic i 





tvs Cycle time | 400 a 
tg Controlling pulse width 100 — 
tis Address setup time 50 — 
tin Address hold time 0 — 
ti Access time 0 250 
tre Three-state time’ 10 = 50 
ts Data setup time 100 — 
toa Data hold time 0 — 


‘Read control: CS and RD signal asserted and WLB signal unasserted. 
Write control: CS and WLB signal asserted and AO unasserted. 
"te (off) is measured with DAL drive= 100 pA. 
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Application Information 

Figure 8 is an example of an intefane wing HS , DC319 -AA sérial-line units (SLUs). The SLU1 
DLART communicates with a console terminal through connector J1. The SLU2 DLART interfaces 
with a communication line through connector J2.. 


The SLUs transmit or receive 8-bit, byte-oriented data with no parity, one start bit, and one stop 
bit. SLU1 provides the XDL1 and RDL1 interrupts for the transmit and receive data and the 
BREAK output. The BREAK output at M14 can be connected to M13 by a jumper lead to generate 
the HALT interrupt when SLU1 is used with a system console. SLU2 provides the XDL2 and RDL2 
signal interrupts for transmit and receive data, and three realtime clock interrupts at 50, 60, and 
800 Hz. These interrupts are wired to pins M18, M19, and M20 respectively and can be connected 
by a jumper lead to pin 17 to generate the TEVNT interrupt. 

When the serial-line units are addressed, the CSDLO line is asserted to select SLU1 and the CSDL1 
line is asserted to select SLU 2. These inputs connect to the CS inputs of each SLU. Address bits 
AD2 and AD1 are used to select an individual register within the DLART. The READ line connects 
to the RD input and when it is asserted, the contents of the register selected will be transferred to 
the TDAL bus, provided that the WLB input is not asserted. When the WLB input is asserted, the 
low byte of TDAL bus will be written into the register selected. Only the register bits designated as 
read/write will be written. The DLCLK input is a crystal-controlled clock reference used by the SLU 
to generate baud rates and realtime clock outputs. If the BCLR input is asserted during a RESET 
instruction, the RCV IE bit of the RCSR register and the XMIT IE, MAINT, and XMIT BRK bits of 
the XCSR register are reset. When the DC LO input is asserted during powerup, all SLU outputs will 
be disabled and the internal logic and registers will be reset. The baud rate is set at 300 after the 
SLU is initialized by DC LO signal. 

The RS232 and RS423 EIA standard signal levels for the interface connector are provided by E30 
and E37 dual-line drivers and dual-line receivers. The slew rate for both channels is controlled by 
resistor R6. The factory configuration uses a 22-kO resistor to provide a 2-us slew rate for operating 
at a 38.4k baud rate. , 


3-40 Confidential and Proprietary 












Mi4 M13 
a Cke—THALT +12F 






—_ BREAK OUT 
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SLU1 
DLART 


E65 | 
RCVIRO 
XMITIRO 








DC LO 


pur | 





AD2 
AD1 

‘WLB 
READ 
DLCLK 


CSDL1 Mi8 
J 





R7 | 
M19 M17 TEVNT | 
So ee 


M20 
B fae 






DLCLK 


+5 VDC 
E44 


Figure 8 « Dual DC319-AA Serial-line Unit Configuration 
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- Section 4—Bus Support Devices 
The bus support devices are available for Q-bus, UNIBUS, and VAXBI bus interface development. 


VAXBI Bus Interfaces _ - 

The VAX bus interconnect (VAXBI) is low-cost, high-bandwidth, 32-bit synchronous bt 

connect VAX processors to memories, I/O controllers, I/O bus adapters, and other VAX processors. 
It provides a large addressing range and high data integrity ats alins a si ag 

communicate with up to 16 nodes on the VAXBI bus. : 

VAXBI 78732 Bus Interconnect Interface—The BIIC is a 133- in . Z) ZMOS. chip # on serves as ste 
primary interface between the VAXBI bus and a master or slave port interface. Pee 

VAXBI 78743 BCI Adapter Interface—The BCAI is a 133-pin ZMOS chip that f inctions as 

file between user-designed processors, memories, and adapter modules and vind ie \XBI bus. 
VAXBI 78733 BCI to MicroVAX II Bus Interface—The BCI3 is’ 132-pin pack age used 

integrated circuit interconnect bus of the MicroVAX: aa tot wih XBI bu 

78732 BIIC. 


VAXBI 78701 Clock Driver and VAXBI 78702 Clock Receiver — Thi Sot , séle strives’ a pin bipolar 
DIP that serves as the clock source for the VAXBI bus system. The output of the clock driver i 
received by the 16-pin bipolar clock receiver to generate the timing sig ae ust meiaie the VAXBI ria 


system. 
































Q-bus Circuits and Kits 
Digital provides a series of integrated circuits (ICs) on kits eee in 3 the development. ok device 
interfaces for the eo bus. The 2 -bus i is the LSI-1 eens bus. The ICs rf re available sree or 





space for pune ne eel eT aa ae Rin ly Refer to hi it Users , 'Marual Seen 
number EK-01387) for detailed information related to DCK 11 series of chipkits and for application 
information. The specifications for the following Q-bus interface chips are aa in n this 
reference guide. : : 


DC003 Dual-interrupt Logic—The DC003 is an 18-pin DIP bi p olar device that is used to peti an 
interrupt transaction in a computer system that uses a daisychair | type of ark vitration.. | 
DC004 Register Selector Logic—The DC004 is a 20-pin DIP bipolar device ri at operates a as a register 
selector to control the transfer of data to and from 1 up to four word registers. 

DC005 4-Bit Transceiver—The DC005 i isa 20-pin DIP bipolar device that i is used i in interfaces : as a 
bidirectional buffer between the Q-bus and device data bus. 


DC006 Word Count/Bus Address Logic—The DC006 is a 20-pin DIP bipolar device that is used to 
control direct memory access (DMA) data transfers. 

_DCO010 Direct Memory Access Logic—The DCO010 is a 20-pin DIP bipolar device that provides the 
logic to perform the protocol operations required to request and gain control of the Q-bus. 
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Chipkit Description—The following LSI-11 chipkits are available and contain the components 
listed. 


: DCK11-AA Program Control Bus Interface ati 
1 DC003 Dual-interrupt Logic | 
1 DC004 Register Selector Logic 
4 DC005 4-bit Transceiver Logic 


= DCK11-AB Designer’s Program Control Bus Interface Chipkit 
1 DC003 Dual-interrupt Logic 
1 DC004 Register Selector Logic. 
4 DC005 4-bit Transceiver Logic 
1 W9512 Double-height, wire-wrappable module 
1 BCO7-D 10-foot, 40-conductor, plug-in cable 


= DCK11-AC DMA Bus Interface Chipkit 
1DC003 Dual-interrupt Logic 
-1DC004 Register Selector Logic 
4 DC005 4-bit Transceiver Logic 
2 DC006 Word count/Bus Address Logic 
1 DCO010 Direct Memory Access Logic 


= DCK11-AD Designer’s DMA Bus Interface Chipkit 
1 DC003 Dual-interrupt Logic 
1 DC004 Register Selector Logic 
4 DC005 4-bit Transceiver Logic | 
2. DC006 Word Count/Bus Address Logic 
-1DCO010 Direct Memory Access Logic 
1 W9512 Double-height, wire-wrappable module _ 
-1BCO07-D 10-foot, 40-conductor, plug-in cable 


UNIBUS Devices 

The UNIBUS is an asynchronous bus used with the PDP-11 and VAX processors. The UNIBUS 
devices facilitate the development of the bus interfaces. 

DCO13 UNIBUS Request Logic—The DCO013 is a 16-pin DIP device that contains the ise required 
to perform bus requests and to gain control of the UNIBUS. 


DC021 Octal Bus Transceiver—The DC021 is a 20-pin DIP device that contains eight bus — 
transceivers used to transfer information between the UNIBUS and a user-developed interface. 
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« Enables low interface cost 
* High-level integration reduces module area required 








e Extensive error detection” : 





- Supports memories, processors, VO ‘tice and caches. 


= Complete VAXBI arbitration, address decoding and matching boi to 5 ipdnce haidvate oar 
software dt 





D ' ; 5 
The VAXBI 78732 bus interconnect interface chit 
integrated circuit and serves as the primary interface between the 
developed interface of a node. The BIIC i is a a gene al purpose ‘int rfa 
and adapters that operate with the VAXBI bus. It performs bus tra 
matching, and controls the user’s interface signals Figube Lisaf 
VAXBI 78732 interface. 














Figure 1 = VAXBI 78732 Bus Interconnect Interface Block Diagram 
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sell woeeie or oNietess systeihs ‘that dre eked c on ie VAX processors or other 32-bit 
processors or compatible devices. The VAXBI bus can have a maximum length of 1.5 meters and 


can connect with as many as 16 intelligent nodes contained on a maximum of 36 modules. ‘The 


aggregate aa rate of the nodes is 13.3 ye Pe second. 


- Pin and Signal Description _ 


The VAXBI 78732 is a 133-pin interface that functions with the input ied output signals described | 


in the following paragraphs. Figure 2 shows the connection pins and signals of the VAXBI Bus 





interface chip. The BIIC interface contains two groups ‘of signals. The BI signals. connect to the. 
VAXBI bus and are shown in shaded blocks. The remaining blocks are BCI mer gra that connect 


to the user’s interface and to power and miscellaneous Ss aes 


K | Evos | Evo | 


f a 
E INT4 GND 


Q HOU a 


88) 





Wie haglel es 2 he 
“UNUSED PIN VAXBI SIGNALS — 


Figure 2 « VAXBI 78732 Pin Assignments 
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VAXBI Bus Line Functions 

Table 1 lists the signal and functions of the VAXBI bus lines, power connections aa neces Sites 
that connect to the BIIC.. Each signal line includes a pullup resistor circuit and all BI driver lines are 
open-collector outputs. The BI bus signals are grouped by the functions shown in Figure 3. All 
signal lines are synchronous except for the asynchronous control signals. 













Table 1 + VAXBI 78732 BI Pin and Signal Summary 





A02-A10 ~ input/output! sec 
B01-B09 information and to aura artditation. 
C01,C02 - 

C05,C06 

E01-E03 

F01,F02 

G01,G02 


B1i0,Bi1 BII<3:0> input/output! BI Identification—Used to transfer com- 
C09 oom mands, encoded. ‘master identification, read 
7 status codes, and write masks. 


All BI PO input/output! BI Parity os ea to cranates odd parity for 














A14 BI BSY input/output! _— BI x Bs Macias to indicate that a transac- 


tion is in npr. 










P14 BIACIO input? | Bla ac = with the: a DC 10 line re 


‘Open drain: 2Open collector | Differential ECL 





vonfidential and Proprietary 43 











DATA PATH SIGNALS 





SYNCHRONOUS CONTROL SIGNALS 


_ BINOARS -BIBSY — BYCNF<205. 


ASYNCHRONOUS CONTROL SIGNALS 


BIAC LO BI DC LO 


_ Figure 3-« VAXBI 78732 BI Line Functions 


BI nie oe Signals : 7 

' The BI data-path signals are poeta into the following categories. All data, arbitration, 
commands, and address information is transferred through these lines. 

BI Data and Address (BI D < 31:00 > )—These lines transfer data and address information and are 
used during the arbitration sequence. _ . 

BI Identification (BI I< 3:0 >)—These lines transfer commands, encoded master identification, 
read status codes, and write masks. Commands can be directed to one or more nodes depending on 
the type of command. The command codes and types are listed in Table 2. 





“Table 2* VAXBI 78732 BI Conimand Code Assignments 








BII Line aes ne | Type" ~.Command/Description 

3 2 Le ade: pa baie 

H 4H HO VH ove Reserved 

HO Re pe gg READ 

H “H L L ‘SR. IRCI/Interlock : read with cache i intent 
H H L H SR RCI/Read with cache intent 

H L H H SR WRITE 

H » L H L SR WCI/Write with cache intent 

H L iB H SR UWMCI/Unlock write mask with cache intent 
H L L L SR WMCI/Write mask with cache intent 
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MR _INTR/Interrupt_ 

SR | pecege | 
Pe rap re Reserved . 

ae acu a Reserved _ 











MR | ‘WALT 


: 
H 
H 
H 
L 
Lo 


od ==] =] cel od] -) 
pape mi <7] ad et oe 
| 


( hi 0) —Indicates the parity of the F BI D<31: 
ing and Generation. ee 


BI Syichahaibi Control Sign 








The BI synchronous control lines Sci control functions ibs responses to lata and command 
cycles. 






cele the pany are genic ‘eanmhiseal y dari rin nen x f , : 
= Nodes arbitrating for the bus during the ecblertida: cycle. a 
« The pending bus master from the cycle after i it wins ‘the arbitration und it F bccones bus master. 








: ing the following: ioe ees 
—Embedded ARB cycle of longword transaction 

—Embedded ARB cycle and the following cycle of a quadword transaction : 
—Embedded ARB cycle through the cycle after the sais ACK data cycle of an ee 


transaction 


: The slave for all data cycles except for the last cycle. 


- All potential slaves for the third cycle (decoded master | D) ‘and for the IDENT arbitration of the 
IDENT command. 


« Nodes performing loopback transactions. 


« The bus master during its command/address cycle to prevent bus arbitration from occurring. This 
allows the bus master to start a bus transaction following the current bus transaction. (This mode 
is reserved for use by Digital.) 


= Nodes performing self-test operations until the VAXBI registers can be accessed. 
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BI Busy (BI BSY)—This signal provides the orderly transition of bus mastership from one node to. 
another node. The nodes monitor this signal to determine the action to be performed during the 
following cycle. The deasserted state of the BIBSY signal indicates that the current transaction has 
been completed. The node that won the last arbitration may become bus master in the cycle 
following the cycle in which the deasserted state of the signal was detected. The signal is asserted by 


- The bus master during the following cycles of its transaction 
—Command/address and embedded ARB cycle of a longword transaction 
—Command/address, embedded ARB, and the following cycle of a quadword transaction _ 
—Command/address, embedded ARB sie the cycle following the second ACK data a 
of an octaword transaction 7 


: A node to delay the start of the next. are Gansacion until it can respond to another bus 
transaction. The maximum stall time by a node should not exceed 16 consecutive cycles and is is 
limited by a timeout circuit to 127 consecutive cycles. © 


« The slaves for all except the last data cycle. 
a = Nodes performing loopback transactions. 


BI Confirmation (BICNF <2:0>)—These lines provide handshake functions between master and. 
slave nodes to reflect detected errors and to indicate the current state of the slave. Table 3, lists, the 
response codes and information. During a transaction, the node must first respond to the 
command. For read-type, write-type, and IDENT commands, the slave must respond uring each 
data cycle following the command confirmation cycle. , 





Table 3« VAXBI 78732 BI Confirmation Line Code Assignments — 








BICNFLine ~~~ Description 

2: Wreeec AOs pit cee act, cxndd ¢ yee wafs 
H | H H- no acknowledge . 

HO H ae illegal | 

H i H illegal 

H if L acknowledge 

L H H illegal 

L H L stall _ 

L L H retry 

i L i illegal 
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power and is also used for initialization during the powerup sequence. 
- BCI Line Functions 


The BCI bus | Consists Lot 64 lines used to trates data, Hcoorats | pets, Bie contol information 





DATAPATHSIONALS = TPQ TUCO! Ott 


BI oI RECT IONAL. 






nn 


‘1K  8CINKT 





"FROM anc 


: i egy j bak 


Beri Bae ‘BCLCLE BCISDE. -BCTSEL 





INTERRUPT SIGNALS TRANSACTION STATUS SIGNALS 


TO BIIC PGES Bl FROM BIIC EXCEPT FOR DiacwosTiC MODE 





POWER STATUS SIGNALS 





-FROMBIIC ———— TOBIC 


BCIACLO  BCIDCLO  BCITIMEL —__‘ BCI PHASEL 


Figure 4 = VAXBI 78732 BCI Line Functions 
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nt of a power faire = ‘interruption. The BTACLO is asserted v tesmaee — 
ie the minimum level and the BIDC LO signal is asserted to indicate ani apending loss of the de 





jo2 
K01,K02 
L01,L02 
- M01-M06 
NO1,N03-N10 
P03-P12 


M12 


N11,N12 


P13 
N14 


D14,Fil 


F13 


Li3 


M14 


G14 


C14,E14 


M13 


~BCII<3:0> 








Table 4» VAXBI 78732 BCI Pin and Signal Summary _ 


~ input/output 


BCI PO input/output 


BCIRO<1:0>? input 


BCI MAB? input 


BCI RAC<1:0> output. 


BCI NXT output 


BCI MDE output 
BCIRS<1:0>? input 


BCI CLE output 


~ BCID<31:00> apo . 


” -Definition/Function a cohen 
BCI Data—Used to transfer data and | 


address information. 


BCI Information—Used to transfer com- 


‘mands, read status codes, and write masks. 


BCI Parity—Used to transfer odd parity for 
the BCID < 31:00 > and BCII<3:0> lines. 
This line is asserted when an even number of 


~ bits on the lines is asserted. 


BCI Request—Used by the master-port 


interface to instruct the BIIC to perform a 
specified transaction. 


BCI Master abort—Used by the naeepod 
interface to instruct the BIIC to abort the 
current master-port transaction. 


BCI Request acknowledged—Used by the 


BIIC to indicate that a transaction requested 
by the master-port interface has been 


_ initiated. 


BCI Next—Used by BIIC during write trans- 
actions to request the next data word from 


the master-port interface and during read 


transactions to indicate to the master-port 
interface that the data on A BCI cl is 


valid. . 


~BCI Master data enable—Informs the mas- 


ter-port interface to transfer the information 
to the BI bus. 


BCI Response—Used by the ‘ladon inter- 
face to specify the code that will be transfer- 
red by the BIIC on the VAXBI bus. 


BCI Cycle enable—Indicates the presence of 
a command or address cycle to the slave- -port 
interface. 
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~ BCI Slave eae on 
slave-port interface that the inf 








be transferred on the VAXBI oes ould be 


; transferred to the BCI data lines. 








HOo3 . BCISEL. — output. 


fora VAXBI poche aes 


H01,H02, -«-BCISC=S2-0> ‘output BCT ‘Slave ‘control—Selects a ‘slave-port 
Jol inpestace: cesta the BCI SEL line is — 





fe - dgaaill ode 


Ji2J13 || |§ BCIEV<4:0> output BCI Event —Indicate the occurrence eof sig- 
ia & 








eee power to the a user ’s tearlee! 3 





output |" BCI de low—Indicates the status of the de 


ee : ____power to the user’s interface. 
B14 BCITIMEL input’ © —— BCI Time—A 20-MHz TTL signs 
eaten he a VAXBI clock receiver in 1 

 - Used with the BCI PHASE 

and user’s interface to geherate 1 

yen , | timing signals. | Poo 8 

D13 BCIPHASEL ‘input —BCI Phase—A 5-MHz TTI signal from the 
ea _ VAXBI clock receiver in the user’s interface. 





J14— 


ne asin the 
- user s ‘interface. 
L line by the BIIC 


















Used with | the BCI TIME Lline by the BIIC | 


gy 


and user 





s interface to peta me parame 





ie caren 


ae 
ia 


‘All user interface signals 2 are TTL levels beeee | 
?These signals must be connected to a high level when not used i in the & nase fe design. aoe 





BCI Data Path Signals 
The BCI data path consists of bidirectional shines ste ee mae inl parity ics The 
direction of transfer is controlled by the BCI MDE and BCT SDE signals. 


BCI Data and Address (BCI D < 31:00 > )—These lines provide a 32-bit path between the BIIC and | 


user’s interface to transfer data and address information. During command/address cycles, the 
BCI D < 31:30> lines contain the data length code and lines BCID <29:00> provide the address. 
Table 5. lists the data length code assignments. 
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1 ble— Indicates, to the 


BCI. Select—When asiassed, the. 7a 3 
saplect a slave-port — 






BCIDLines  —dDataLLength © 


L | reserved 
rae a: longword 
OL quadword 
H ~—_—_—_soctaword 





BCI Information (BCI 1<3:0 >)—These lines are used to transfer commands, encoded master ID, _ 
read status, and write masks. Table 6 lists the BCI command code assignments, Table 7 lists the 
read-status code assignments, and Table 8 lists the write-mask code assignments. 





Table 6 = VAXBI 78732 BCI Command Code Assignments 


BCIILines | ‘Type’ Command Description 
v | 


— — ——_ reserved 
SR READ read a 
iSR IRCI interlocked read with cache intent 
SR RCI read with cache intent 
SR WRITE write - 
SR WCI write with cache intent 
SSR UWMCI — unlock write mask with cache intent 
SR | WMCI write mask with cache intent 


MR INTR interrupt 
SR —s«'IDENT__identify 
ae mind reserved 
gaa a reserved 
MR STOP stop 
MR INVAL invalidate 
MR BDCST broadcast? _ | 
MR IPINTR __ interprocessor interrupt 


‘SR =single responder, MR = multiresponder. 
*Refer to Broadcast Transactions (Appendix A) of the VAXBI System Reference Manual. — 


ied-ri--l lalatahalt--i-d--t--l alolsial 
poe oe ee | 
So sot ot meme Diehl mreimr| 


cog soon 20) MI warren (eae ae aa eer al ge wel 
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} 





BCI I Lines | 





w 
N 





SS. 








reserved 
read data/do not cache 
| See read “ae not cache 


aeerwaciecl Moll all ail 





must seas dee state of this line. 





Table 8 « VAX 78732 BCI Write Mask C 


BCI I Line BCID Line- 
Write Byte 
<21:24> © 


























BCI Parity (BCI P0)—This ne contains | t ne parity indicat ioe the 
BCI D<31:00> line signals. The parity sense is odd. Therefore the BCI ‘ PO Mie 
during: user’s inter wipe e Let moder iat an even numb 
BCII<3:0> lines are asserted. pay pu 

The state of the BCI PO pes control lle | by th . 
powerup when the BCI DC LO signal is assert , the BIIC. 
parity mode. If the user’s ‘ibe ttabk! asserts the BCI E PO line o 
default when the BCI DC LO line i is asserted, the BIIC 1 will 











powerup, the BIIC will soucrate peste fe by defn. In in BUC gen ne a parity n aC 5g an hy 
does not have to connect to the BIIC. sb du 


If the user ’S interface deasserted the BCI PO line when t enthe i BCT CIBCIO a3 ii i onintdlee ig 







to be veaddinited on it +  VAXBI bail If ae user s nea generates fener parity; the p: 
be transmitted on the bus, and a bus error will result. 
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: erred through the BIIC to the BCI lines, the BCI 
PO line reflects the received state of the BI PO line. bain loopback transaction cycles, t a parity 
a by the user’s interface or by the BIIC is transferred to the BCI. 


BCI Master Signals 


The BCI master signals are used to request, execute, and terminate transactions. 


BCI Request (BCI RQ < 1:0>)—These lines are used by the master-port interface to request that 
the BIIC perform a transaction. The lines are also used to select the BIIC diagnostic mode. Table 9 
lists the BCI request codes assignments. | | 


Table 9+ VAXBI 78732 BCI ee Code = Asignment 





BCI RQ Line | Description 

1 0 

H H no request 

H L VAXBI transaction ee 
L H _ loopback request _ 

L L-- diagnostic mode - 





BCI Master Abort (BCI MAB)—This signal is asserted by the master-port interface to indicate to 
the BIIC that the present master-port transaction from this node is to be aborted. It is also used to 
clear the retry state of the BIIC entered after a retry confirmation is received. The assertion of the 
BCI MAB signal does not affect BIIC-generated transactions. 

The user’s interface usually cannot abort a requested transaction without generating bus errors that 
will be detected by other nodes. The BCI MAB line therefore should be used to abort a transaction 
request only following an error condition. A pipeline-request master should abort a transection | 
request only for the transaction subsequent to one that fails. | 

The user’s interface should deassert the request lines in the same cycle an BCT WERE is seated ; 
The actions performed by the BIIC depend on when the BCI MAB signal is asserted as follows: 


« If the BCI MAB signal is assetted before the BIIC arbitration cycle, no transaction is initiated. 
- If the BIIC has won the arbitration cycle and has not transmitted the command/address, it coal 
deassert the BINO ARB line i in the next cycle. : neces 


- If the BCI MAB signal i is asserted after a retry confirmation or timeout event codes is waived 
(RCR or RTO), the BIIC aborts its retry state so that it can accept a new request. The user’s 
interface can abort the retry state only by asserting the BCI MAB signal. Following the assertion 
“of BCI MAB, the user’s interface should not assert a new request for a minimum of three cycles. 





« In a node that allows pipeline requests, the assertion of the BCI MAB MAB signal may occur ¢ during ; a 
transaction from this node. If the BCI MAB signal is asserted during a transaction, the BIIC 
aborts the transaction. The user’s interface may not receive an event code for a transaction that is 
aborted. A minimum of. three cycles following the assertion of BCIMAB 1 must be allowed ba the 
user ’s interface before a new request is generated. The t use ‘of this mode should be avoided. 
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BCI Request Ackn owles AK)— is used by the BHC Re “pao that the 
transaction requested by: the master-port :inerface Bar been initiated. The BCI RAK 






interprocessor interrupt transactions. The line is asserted during the ‘fir 
loopback transaction and remains. asserted for the duration of, the transaction. It is deasserted 
during the cycle when the event code is transferred from. the. master. During write-type and 
broadcast transactions, the BCI RAK li inal acknowledge cycle of the: 
slave is on the VAXBI bus. This occurs three cycles after the last data cycle during write-type and 
broadcast transactions. During read-type and identification transactions, the line remains asserted: 
until two cycles after the last data cycle to allow time for an internal parity check. The BCT RAK line 
is deasserted during the sixth oe for : a em, treo and master-port interprocessor 





















th riba iment reasserts the BCI RO Ce ae 
reine a pipeline request, the normal timing of the BCI 
ignal is ir coauseetaets in ae ome aftert the BCTRO<T: 





line i is asserted only ¢ Gutitia tok cack 
During rade transactions, the asserting adge of the BCINK 


Because of the rive storage in aan BIIC, the B iC 

command/address information and once to transfer the fica dat 
simplifies the design of nodes that perform : aster Hoe : 
| transactions s greater than ¢ one aan pages the ss om 


BCI Slave Signals. 
The BCI slave signals seopeindh to transactions edivectedi to a snitias 


BCI Response (BCIRS < 1:0 > )—These lines are used’ by the delvespeit inkeithice to snes fic ode 
on the BI CNF<2: 0> lines in response to command and data cycles. They are also mee ‘Mt 
diagnostic mode function selection. The slave-port interface must respond with the 

codes whenever a transaction that involves the slave-port interface , as ti o BIL 3 
registers do not involve the slave-port interface. A response is Srequiced for each: cyclei in ietich the 
slave node transfers information to the BI CNF<2:0> lines. Table 10 lists the slave response 
codes. 
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Table 10+ VAXBI 78732 BCI Slave Response ‘Code 1 Assignments” 





BCI wine , Te Response c—/ - BECNF Code - 

1 0 | , : Result | 
H H- no Peeoiedes (NO ACK) © no acknowledge (NO ACK) 

H aL acknowledge Sone ACK or NO ACK : 
L POA stall ~ stall, ACK, or NO ACK 

L “SE 


retry "2 Be retry or NO ACK 


Correlation does not always exist between the response code and the corresponding confirmation 
code transferred on the VAXBI bus. When a code is not involved in a transaction, the BIIC 
responds with the NO ACK confirmation code regardless of the code on the BCI RS<1: :0> lines. 


Some confirmation codes are illegal during certain types of cycles. During multiresponder 
transactions, a retry is an illegal response. If the slave-port interface sends an illegal code during a 
cycle, the BIIC will reply with a NO ACK code on the BI CNF<2:0> lines except when a stall 
response occurs to. a multiresponder command. 


BCI Command Latch Enable (BCI CLE)—This line is monitored by thie user’s itiefie to detect 
the presence of a command/address cycle. The deasserting edge of the signal can be used to latch 
the received command/address information from the BCI D < 31:00 > and BCII< 3:0> lines. The 
BIIC asserts BCI CLE ‘LE signal during the cycle after the BIIC recognizes that the BI NO ARB signal is 
asserted and the BI BSY signal is deasserted. This no arbitration/busy state corresponds to an 
arbitration cycle or the last data cycle of a transaction that has a pending master. The BIIC deasserts 
the BCI CLE signal during the cycle after the command/address cycle when the command/address 
information is on the BCI D<31:00> and BCI I1<3:0> lines. The command/address cycle is 
detected at the transition of the BI BSY signal from the deasserted to the asserted state, when the 
BINO ARB signal was asserted during the previous cycle. 


The BCI CLE signal may be asserted for more than one cycle. following a powerup sequence hea 
different BIIC nodes complete the self-test operation at different times. This can occur during the 
burst mode and following a pending abort by a master. During loopback transactions, the BIIC 
sequences the state of the BCI CLE line without regard to the state of the BI BSY and BINO ARB 
signals, however; the timing relative to BCI signals is the same as for a a transaction on the 
VAXBI bus. 


The state of the BCI CLE signal does not depend on the receipt of valid patie or Gee the node 
is selected as a slave. A silo or cache-resident node that monitors the bus and examines all VAXBI 
transactions can use the deassertion of the BCI CLE signal to latch the information during any 
command/address cycle on the VAXBI bus. 


The assertion of the BCI CLE line should be used to force the slave-port interface to a state from 
which it can respond to an SC code during the following cycle. In addition, the slave-port interface 
should ensure that the stall response code is removed emring the ea when the BCI CLE signals is 
asserted, 


BCI Slave Data Enable (BCI RCT SBR) "This ii is ae by a BIC. to adie to m ae 
interface that the data to be transmitted on the VAXBI bus ae Oe ieapstcares? to jisies 
Bal D1: 00>, tid o>, anc BEI PO lines. (i) m4 : , 
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has ee sini abe a VAXBI 1 transaction. Hes BCI SEL tine § is as ss wk 
arbitration niet of a transaction if the slave = aciected Busseola 


subir e VAXBI transactions that wi , lls sel 
respond to. multicast space isi ty ype : a : 
BCICSR and the external decodi ng of 
register descriptions. a RS hig 


" A read: OF: -write-type cc com mmand wi nO s a a ress falls within mul si ast — p 
set in in the since 









UCSREN bit is ike the BCICSR. Se mbar ited 
os das read or Se TB anne oon rr mane that matches ane BIIC CSR s a ac “a 










ted to the range of addresses 
LEN or the WINVALEN bit is 


BCI Select Code 6 BCT SC: < or o> These Rises eeansfer detailed selection information from the 7 


BIIC to the slave-port interface. The presence of select code is indicated ile the assertion of ene E BCI 
SEL line. The assertion of the select code cig on ‘the ae i valid pz and/. 
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Table i 5 VAXBI 78732 Select Ce de Assignments i 





BCI SC Line , ene peter 

yer 1 0- | , . ed ey 

H H 4H A Facial state to indicate that a selection has not occurred. 

H 4H i; A read- or write-type command directed to the control/status register 


of the user’s interface has been received and the UCSREN bit in the 

BCI control and status register (BCICSR) is set. A read- or write-type 

command directed to the control/status register of the BIIC has been 
received and the BICSREN bit in the BCICSR is set. 


H L H A read- or write-type command directed to the range af pads space 
| defined by the starting and ending address registers of the BIIC has 
been received and the MSEN bit in the BCICSR is set. 


H L L A read- or write-type command directed to the range of ize 
i. i _ defined as multicast space has been received and the MSEN bit in the 
—_ BCICSR is set. 
Lee HO An identification transaction has Gai received and the IDENTEN bit 
—_ in the BCICSR is set. : 
L H Lit An interrupt transaction with a destination that matches the node 


has been received and the INTREN bit in the BCISCR is set or an inter- 
rupt transaction with a destination that matches the node and a source 
that matches the IPINTR mask register has been received and the 
IPINTREN bit in the BCISCR is set. 


L L H An invalid or write-type command that is not directed to the range of 
addresses defined by the starting and ending address registers of the 
_ BIIC has been received, the BCI D29 bit is not asserted indicating that 
the address is not within I/O space and the INVALEN bit or the 
WINVALEN bit in the BCISCR is set 


L L LA BDCST, STOP, or RESERVED command with a destination that 
7 matches the node (except for the RESERVED command) hes been 
~ received and the BDCSTEN, STOPEN, or RESEN enable eit in the 

BCIC SRi Is set. 


is ais eta Se me 





BCI fas Request. Signals 


The interrupt request lines are used to interrupt current processor operation and cause ‘the 
_ processor to branch to a routine to service the interrupt. 


BCI Interrupt Request (BCI INT < 7:4 >)—These lines are used by the user’s interface to request 
that interrupts be performed by the BIIC. The BCI INT<7:4> signals must be synchronously 
asserted. Each INT line signal causes an interrupt at the level corresponding to its bit position. The 
_ BCIINT<7> initiates level 7 interrupts, BCI INT <6> initiates level 6 interrupts, etc. Interrupts 
can also be generated by writing to the interrupt control register of the user’s interface to set one or 
more of the force bits 
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T150/0. The: BIIC theloe when af iit has ocentred on the ri 
seceivert urea of the line ect m the previcns cycle with the received state ‘sce 


BCI TEV Line 














TOME. “The cloak deasserted state 
et “MCP ~~” Master-port transaction complete 





oe BIO Bus timeout 
ae _,,. Self-test passed _ 
~~ RCR Retry confirmation received for’ master: 
re port command | 
Internal register written a 
_ Advanced retry confirmation received 


srOnp stem reperbin| eo el eo 
= 


aoe) gm BES EE 
i ak jtat pabiog ech] gt 
ce Su dusiela | 
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10wledge received from slave read data | 











Be Or oa Races" 


HL se agp aR 
Hes L His. Lewes Le xcdAL 

H: Li seed ee H EV4.. 

H L L H L EVS 

H L L L =H. EV6 
HL L Ii wooden , EVI 

L H H H H_ sO. 
L H H Ho. BPS. 
Lee Eee De Le dE es ICRSD 
L H HL L BBE 

L H L H  H  AKRNE4 
L H 18 1: ble Ocal AKRNES 
L HL LH AKRNE6 
L HH = LLL _ AKRNE7 
L LH HH __ RDSR 

Le gk* 4. ga A IERMC. 
6 L H L_ H __ NCRMC 
i LS L BPR | 
L i L H  H  ICRMD 
L L L H L RTO 

9 4 iL L H BPM 

L 0 E L L MTCE 
BCI Power Status Signals 


— | No. ake owledge. or, eH) ‘conficmation 


received for interrupt command _. 

No acknowledge of illegal confirniatian 
received for Force-bit intetprocessot/stop 
command 4 


Acknowledge confirmation received for 


error vector 
Identification arbitration lost — 


_ External vector selected—level 4. 


External vector selected—level 5. a 
External vector selected—level6 
External vector selected—level 7 


Stall timeout on slave transaction” 
_. Bad parity received during slave transaction 


Illegal confirmation received for slave data. 
Bus busy error 
Acknowledge confirmation received for 


- nonerror vector—level 4 


Acknowledge confirmation received for 


-» nonerror vector—level 5 


Acknowledge confirmation Rowe for 
nonertot vector—level 6 


Acknowledge confirmation received for 
_ nonerror vector—level 7 | 
Read data substitute or reserved status code 
_ received 


Illegal confirmation received for master- 
port command 


No acknowledge confirmation received for 


master-port command 


- Bad parity received 


Illegal confirmation received by master- 
port data cycle 

Retry timeout 

Bad parity received during master-port 
transaction 

Master transmit error check 


The power status lines provide information to the user’s interface related to the condition of the ac , 


and dc power. 
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ower (BCI AC LO)—This signal is a buffered and synchro pe 
user ’s interface to allow the interface tc to monitor she Bower status. s. The B a 







ing th assertion of the BI BIDC LO LO 
: sens. When the BIDC 











D<31: voy BCI <3: 0>, ‘and BCI PO drivers. This facili es testing of 
allowing the ‘modules tobe'te sted isfopencasety of the BIIC co. i 2 
ee the node reset bit of the vA XB dal icateisceed 
initiates the self-test. TheB BUC maintains avi fd lh a output ions on the BCI : 

C ted although h the Vee «supply voltage to the BIIC is in transition. = 











dev vice type and revision, and parity mode identifica- : 
tion pine ie oye Ee the E BCI DC L i ignal is deasserted . Normally, the user’s interface 
ett the this information to the ce I< oe BCI D< 31: | 00> » and Bt PO b lings woile the 











O line and c: es to become hi lity dicts. 3 
The default condition may ses otal in Sedguieg a ide ‘The: ou put current 1 calcite of the : 
pullup devices should be verified. 


BCI Clock Signals | 
The clock signals from the user’s interface © Hrovide she} basis Hinaing information fos, the VAXBI 
interface and user’s interface. a 
BCI Time (BCI TIME L)—This i is a  20-Mita T TTL ‘timing Ba ‘hisses ce the VAXBI clock | 
receiver in the user’s interface. It is used ‘with the BCI P ASE 1 L signal by the BIIC and‘user’s 
interface to generate all the requ ired timi ng signals, = 
BCI Phase (BCI PH ASE L)—T this is a 5-MHz TTL timing signal sapplicd by the VAXBL. dock L 
receiver in the user’s interface. It is peed with the BCI TIME L signal by the BIIC and the user’s : 
interface to generate all Rena Hales ag Bigrants. 








VAXBI Intesface Registics: 


The VAXBI interface contains a complete set of VAXBI registers and four general purpose registers ES 
that are available to user-defined node logic. The BIIC s ated in the first 256 bytes of | 
the BIIC nodespace, v which is designated : as the BIIC CSR space. Most locations in the CSR node : 
space are unused. When: a tead- -type command ; ace sses the unused locations, the BIIC responds by | 
ing zeros. When a write-type command accesses the unused locations, the BIIC accepts the 

command but ignores the data. Figure 5 shows the BIC register format and the: Address : 
assignments. _ | 
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os longle OBUE TT borin ARBs bere bovetiAGelG lonraie eid ?- 1 OFT) a9 
~bb+00 | 
Or a 
bb+08 | a 
‘bb+0C | ERRORINTERRUPTCONTROL |, ERROR VECTOR 
—bb+10 "RESERVED ss ~INTERAUET DESTINATION 
bb+14 | IPINTERRUPTMASKREGISTER | | ~=s~RESERVED 
ae ya Tere tee _ RESERVED - 4, | FORCE IPINTR/STOP DESTINATION 
“bb+1C | IPINTERRUPT SOURCE REGISTER [RESERVED | 
~ bb+20. | “STARTINGADDRESS. | ~=———,:« UNUSED 
bb +24 ENDINGADDRESS = —*+||~—~S~SNUSEDD 
bb+28 | ————__ BCICONTROL/STATUS REGISTER 
pppoe i WRITE STATUS REGISTER ae 
bb+30 | | FORCE IPINTRISTOP COMMAND 
PBT Vaca 8 ace, ~ UNUSED. 
~ bb+38 eee ioe UNUSED 
 bbe3se fo | UNUSED _ 
- bb+40_.. | USER INTERFACE INTR CONTROL , 
-  bb+44 


UNUSED 


bb+EC | 
—bb+FO. 2 GENERAL PURPOSE REGISTER 0 
—bb+F4. | ——_.._ GENERAL PURPOSE REGISTER 1 
bb+F8 GENERAL PURPOSE REGISTER 2 

bbeFO 2] 8: Pee dire ees GENERAL PURPOSE REGISTER3 — 








Figure 5 = VAXBI 78732 BIIC Registers and Address Assignments 


The BIIC registers c can be accessed by a VAXBI transaction froma node: to, its associated BLIC or toa 
BIIC associated with another node or by a loopback ; transaction from the master-port i interface ofa 
node. When the registers are accessed by a loopback command from.a master-port interface « or by a 
VAXBI transaction, the high-order bits BID <29:13 > of the address that select the node address 
space are ignored by the BIIC. The low-order bits (D< 12:01>) determine whether an internal 
register is selected. A register is selected when bits D < 12:08> are equal to zero and ther remaining 
bits D<07:00> specify the register to be accessed. | 
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The BIIC supports write-mask transactions but does not support the lock functionality for the . 
internal registers. The interlock-read with cache intent (IRCI) ‘owns is performed as a normal 











read transaction and the unlock-write-mask with cache intent (UWMCI) transaction is performed 
as a write-mask transaction. 


BIIC Registers Description 
The register description tables contain a code in the “Type” column that defines the type of bits in 
the register. Table 13 lists the codes and definitions. 


Table 13 « VAXBI 78732 Register Type Codes 
Type Definition* 


DCLOC Cleared following a successful self-test when the BCI DC LO signal from the BIIC is 
deasserted. 


DCLOL Loaded on the last cycle in which BCI DC LO is asserted. Set if the BCI Seal lines are 
not driven during this cycle. 


DCLOS _ Set following a successful self- test. 
DMW Can be written during the BIIC diagnostic mode aay is reserved for use i Digital. 


RO Read-only. 
R/W Normal read/write 
SC Special case. Defined in the VAXBI System Reference Manual. — 


STOPC — Cleared by a STOP command to the node... 
STOPS Set by a Stop command to the node. 7 
W1C Write-1-to-clear. Cannot be set by the uset’s interfe ce. 





NA Not applicable. 
DS Disables selection. 


*Set refers to high level and clear refers toa low level. 


Device Register—The device (DTYPE) register contains information to identify the node. It | 
consists of a device revision and device type field that are loaded from the BCI D< 31:00> lines 
during the last cycle in which the BCI DC LO line is asserted. The register will be set to all one bits if 
the information the BCI D<31:00> lines is not present when the BCI DC LO line is asserted. 
Figure 6 shows the format of the register information and Table 14 describes the bits. 
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bb+0] © ~—«dDEVICE REVISION |. «DEVICE TYPE 





Figure 6 = VAXBI 78732 Device Register Format 


Table 14 = VAXBI 78732 Device Register Description 


Bit Type Description 
31:16 R/W, DMW, Identifies the revision level of the device 
DCLOL _ | 
15:00 R/W, DMW, Identifies the type of node 
DCLOL 


Control and Status Register—The VAXBI control and status register (VAXBICSR) contains 
interface identification, error and control information. The register information is shown in Figure 


7 and described in Table 15. 


31 | 24 23 16 15 14 13 1211 1009 0807 0605 0403 


sie es ee 0 


VAXBI INTERFACE REVISION 
VAXBI INTERFACE TYPE 
HARD ERROR SUMMARY 
SOFT ERROR SUMMARY 
INITIALIZE 

_ BROKE 
SELF-TEST STATUS 
NODE RESET | 
UNLOCK WRITE PENDING 
HARD ERROR INTR ENABLE 
SOFT ERROR INTR ENABLE 
ARBITRATION CONTROL 
NODE ID 


Figure 7» VAXBI 78732 Control and Status Register Format 
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Bit. 
31:24 


23:16 
15 


14 


13 


11 


10 


09 
08 


07 


06 


05:04 


03:00 
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Table 15+ VAXBI 78732 VAXBI Control and Status Register Description 


Type 
RO 


RO 
RO 


RO 


W1C, DCLOS 
STOPS 


~ W1C, DCLOS 


R/W, DCLOS 


SC 


RO 


SC 


R/W, DCLOC, 


STOPC 


R/W, DCLOC, 
STOPC . 


_R/W, DCLOC 


RO, DMW, 
DCLOC | 


W1C, DCLOC, 


Description 

IREV (Interface revision)—Indicates the revision level of the BIIC. 
The content of this field is incremented for each major revision. 
ITYPE (Interface type)—Contains the following code (0000 0001). 


HES (Hard error summary)—Set to indicate that one or more hard 
errors bits in the bus error register are set. 


SES (Soft error summary)—Set to indicate that one or more soft error 


bits are set in the bus €rror register 


INIT (Initialize) —Implementation aaa 


BROKE (Self-test fail)—Set to indicate that the BIIC did not f pats D the 
self-test routine. | 


STS (Self-test status)—Set to indicate that the BIIC has passed the self- 
test. 


NRST (Node reset)—Set to initiate a complete node self-test. Reading 
this bit returns a zero. The STS bit is automatically reset by the BIIC 
when this bit is set to allow the recording of the new test results. 


Reserved and cleared to zero. 


_ UWP (Unlock write pending)—Set to indicate that an interlock read 
with cache intent (IRCI) transaction has been completed by the master- 





port interface at this node and this node has not issued a subsequent 
unlock write mask with cache intent (UWMCD command. Cleared by a 
master-port UWMCI transaction that has been successfully completed. 
If a UWMCI transaction is attempted by the master-port interface 
when this bit is not set, the ISE bit in the bus error register will be set. 


HEIE (Hard error interrupt enable)—Set to enable the peneranion of 
error interrupt when HES (bit 15) is set. : 


SEIE (Soft error interrupt enable)—Set to enable an error interrupt to 


be generated when SES (bit 14) i is set. 


ARB (Arbitration ae as TE 1a mode of arbitration to be 


used as follows: 


it = Description 


Fixed high priority (reserved) 
Fixed low priority (reserved) 
1 Disable arbitration (reserved) 


NODE ID (node identification) —An identification aibes assigned 
to the node. This information is loaded from the BCI 1<3:0> lines 
during the last cycle in which the BCI DC LO signal is asserted. 


4 | 

0. Dual round robin arbitration 
if 
0 
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Bus Error Register—The bus error register (BER) provides hard error and soft error indications, 
and parity generation control. All bits in the error register can be set during the VAXBI and 
loopback transactions except where noted. The register information is shown in Figure 8 and 
described in Table 16. 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 . 04 03 0201 00 


hs TUTTI TTT = TTT 


NO ACK TO MULTI-RESPONDER COMMAND. RECEIVED 

MASTER TRANSMIT CHECK ERROR 

CONTROL TRANSMIT ERROR 

MASTER PARITY ERROR 

INTERLOCK SEQUENCE ERROR 

TRANSMITTER DURING FAULT 

IDENT VECTOR ERROR 

COMMAND PARITY ERROR 

SLAVE PARITY ERROR 

READ DATA SUBSTITUTE 

RETRY TIMEOUT 

STALL TIMEOUT 

BUS TIMEOUT 

NONEXISTENT ADDRESS 

ILLEGAL CONFIRMATION ERROR 
USER PARITY ENABLED] 
ID PARITY ERROR 
CORRECTED READ DATA 
NULL BUS PARITY ERROR 


HARD ERROR BITS SOFT ERROR BITS 
<30:1E> <02:00> 


Figure 8 = VAXBI 78732 Bus Error Register Format 


“Table 16 = VAXBI 78732 Bus Error eet. cia Description 
Bit Type Description 
31 RO Reserved and cleared to zero. 


30  Wi1C,DCLOC NO ACK (No acknowledge)—Set when a master-port receives a no 
: acknowledge command in response to an INVAL, INTER, IPINTER, 
BDCST, or RESERVED command. 


29 W1C,DCLOC MTCE (Master transmit check error)—Set when the data transmitted 
is different from the data received. During the transaction cycles in 
which the master is the only source of data on the BI data path, the 
BIIC verifies that the data to be transferred from the master is the same 
as the data that the master receives. If the data is different, this bit is 
set. This check is not performed when the encoded ID is transferred 
from the master during embedded ARB cycles. 


28 W1C,DCLOC CTE (Control transmit error)—Set to indicate that a node has detected 
-a deasserted state of the BI NO ARB BI BST or BI CNF<2:0> line 
during a cycle when the node is attempting to assert the signal. No 
check is performed during burst-mode transactions. 


27 -W1C,DCLOC  MPE (Master parity error)—Set if the master detects a parity error on 
ee a ee the bus during a read-type or vector acknowledge data cycle. 
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ISE (Interlock sequence error)—Set when the node successfully com- 
pletes a unlock write-mask with cache intent (UWMCI) command and 
- no corresponding interlock read with cathe intent (IRCI) was previ- 
ously issued.. The unlock write ied bit in the VAXBI control and 
- Status register is not set. ! 





_ ‘TDF (Transmitter era fault Set a the master or slave detects a 


- parity error during the following cycles in which the master or slave was 












responsible for transferring the proper parity on the VAXBI bus. This 
bit is not set by parity errors that occur during loopback transactions. 

_—Command/address cycles set by the master , | 
—Read-type acknowledge data cycles set by the slave, 





—Write-type data cycles set by the master 

—Broadcast data cycles set by the master. 

—Vector acknowledge data cycles set by the slave 

_—Embedded arbitration cycles with the encoded master identification 
set by the: master nee 








" ei) Se when an acknowledge response 
is not received from the master to indicate that the interrupt vector was 
not received correctly. 


IVE (Identification ve vect 





CPE (Command parity error)—Set if a parity error is detected in a 
_command/addreéss cycle of a VAXBI or loopback transaction. 


- \ SPE (Slave parity error)—Set when a parity error is detected by a slave 


t 





during a write-type. —— vee ore stall, or “broad a 
acknowledge data cycle. = 


RDS (Read data substitute) —Set when read data substitute of reeried 
status code is received during a read-type or vector status identification 
data cycle. Valid parity must be received during both transactions. 








~~ RTO (Retry timeout)—Set when he 


‘master receives 4096 consecutive 
__ fetry responses. for the same | naster } : 


port transaction. 





STO (Stall timeout)—Set when the slave port asserts the stall code 
information on the BCI RS <1: 0 > li 


ines for 128 consecutive cycles. 
-BTO (Bus timeout)—Set when the node fe ils to initiate one of several 


transaction that are pending before 4096 cycles have elapsed. 








NEX (nonexistent address) —Set when the node receives a no acknowl- 
_ edge response for a read-type or write-type command after a successful 
parity check of the node and master parity check has occurred. 


ICE (Illegal confirmation error)—Set by the master or slave node when 
a reserved or illegal confirmation code is received by the BIIC. 


Reserved and cleared to zero 
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Bit Type 

3 RO, DCLOC 
2 WIC, DCLOC 
1 W1C, DCLOC 
0 W1C, DCLOC 





Description 


UPEN (User parity enable) —Indicates the parity mode of the BIIC. Set 
to indicate that the user’s interface will generate parity. Cleared to 


— indicate that the BIIC will generate parity. The user’s interface provides 


parity on the BCI PO line when data is requested from the user’s 
interface. The levels are reversed from those on the BCI PO line. 

IPE (Identification parity error)—Set if a parity error is detected on 
the BI 1<3:0> lines when the encoded ID of the master:is asserted 


_ during embedded arbitration cycles. This bit is not set during loopback 


transactions. 


~ CRD (Corrected read data)—Set when the master receives a corrected 


read data status code after valid parity has been received. Valid parity 
must be received during the data cycle that contains the corrected read 
data code. This bit is set although the transaction may be aborted after 
the status code has been received. 


NPE (Null bus parity error)—Set when odd parity is detected on the 
bus during the second cycle of a two-cycle sequence during which the 
BI ARB and BI BSY signals were not asserted. 


Error Interrupt Control Register—The error interrupt control register (EINTRCSR) controls the 
operation of the interrupts initiated when the BIIC detects a bus error or when the force bit in this 
register is set. An error interrupt request can be initiated provided the appropriate interrupt enable 
bit in the BIIC control and status register was previously set. The register information 1 is shown i in 
Figure 9 and described in Table 17. 


25 24 23-2221 2019. 1615 1413 02 01 00 


A 


INTR ABORT | 


_INTR COMPLETE | 


INTR SENT 
INTR FORCE 


- LEVEL 7:4 
VECTOR 


Figure 9» VAXBI 78732 Error Interrupt Control Register Format 
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VAXBI 78732. 


ECON RUEEEEREN: 





| ) VAXBI-78732 


Table Ai VAXBI 78732 Error Interrupt Control Registe: a 





Bit | Type ee Description 
31:25 RO ~ Reserved and cleared to zero 
24 W1C,DCLOC, INTRAB (Interrupt abort)—Set by the BIIC when an interrupt com- 


SC mand initiated by this register is aborted. A command is aborted when 
| no acknowledge or an illegal confirmation code is received. When set, 
the BIIC is not inhibited from initiating or responding to subsequent 
interrupt or ienhiicetion transactions. 8. This bit is cleared by the user’s 
interface. | 


» 23 W1C,DCLOC, INTRC (Interrupt complete)—Set when the vector for an error inter- 
SC _ rupt has been successfully transferred or when an interrupt command 
: _ transferred under the control of this register is aborted. This bit is 
cleared when the error interrupt request has been removed. When set, 
no interrupts can be generated by this register. When this bit is set, this 
register will not respond to identification transactions. 


22 “RO Reserved and cleared to zero. 


21 W1C,DCLOC, INTRS (Interrupt sent)—Set when a an. interrupt command has been 
| STOPC,SC —_ sent. Removal of the error interrupt request will clear this bit during an 
- e identification transaction following the detection of a level match and a 
_ master identification match. When cleared, the interrupt can be sent 
again if the node loses the identification arbitration or if the node wins 

the arbitration but the vector transmission fails. 


20 R/W,DCLOC __INTRF (Interrupt force)—When set, an error interrupt is posted the 
STOPC same as in the bus error register except that the request is not qualified 
_ by HEIE bit 7 and SEIE bit 6 in the control and status register. 


19:16 R/W,DCLOC —_ LEVEL 7:4 (Interrupt command level)—Indicates the level(s) at which 
the interrupt commands under control initiated by this register are 
transferred. 


15:14 RO Reserved and cleared to zero 


13:2 R/W, DCLOC _ VECTOR (Error interrupt vector) Contains the vector used during 
the error interrupt sequence. 


01:00 RO Reserved and cleared to zero 
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Interrupt Destination. Register—The interrupt destination (INTRDES) register identifies the 
nodes that have been selected by the interrupt commands. The destination is transferred during 
the interrupt command and is monitored by all the nodes to determine which node is to respond. 
The register information is shown in Figure 10 and described in Table 18. 


31 ip oy . : 4615 -00 
| INTR DESTINATION | 


Figure 10* VAXBI 78732 Interrupt Destination Register Format 


bb+10 





Table 18 = VAXBI 78732 Interrupt Destination Register Description 
Bit Type Description | 
31:16 RO Reserved and cleared to zero. , 
15:00 R/W, DCLOC INTR DEST (Interrupt destination)—During an identification com- 
, mand, a node compares the decoded identification from the master 
with the coded information in this field. When the information code is 
the same, this node responds to the identification sequence provided 


that the unserviced interrupt request is the same level as the level 
a transferred during the identification command. 


Interprocessor Interrupt Mask Register—The interprocessot (IP) interrupt mask (IPINTRMSK) 
register identifies the nodes that are allowed to send interprocessor interrupts to the BIIC. The 
register information is shown i in Figure 11 and described in Table 19. | | 


31 - 16 15 | 00 


Figure 11 » VAXBI 78732 IP Interrupt Mask Register Format 


bb+14 





Table 19 « VAXBI 78732 IP Interrupt Mask Register Description 
Bit Type Description 


31:16 R/W,DCLOC IPINTR MASK (Interprocessor Interrupt mask)—When a bit in this 
field is set, the interprocessor interrupts directed to the BIIC from the 
corresponding node will allow selection provided that the IPINTREN 
(bit 5) of the BCI control and status register is set. 


15:00 RO Reserved and cleared to zero. 
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istics or stop ls ee rie thet BIIC. The register inform a 
and described in Table 20. 





31 


bb+18 | 
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16 15 00 
| FORCE-BIT IPINTR/STOP DESTINATION | 





Figure 12 = VAXBI 78732 Force-bit IPINTR/STOP Destination Register Format 





Bit 
31:16 


15:00 R/W, DCLOC 


Table 20 = VAXBI 78732 Force-bit vanihcasisboae Destinagion 0 Regine: Ss 


Type 
RO 


“Description _ ial 


Reserved and cleared. to zero. 


_ FORCE-BIT IPINTR/STOP DEST (Force bit interprocessor " eteetagel 
stop destination)—-Command/addres 





laddress information provides by the 
user’s interface’ for: the master port Eienprocessor interrupt transac- 
tions. ; : 


Interprocessor Interrupt Source Register—The interprocessor interrupt source register (IPINTRS) 
stores the decoded identification of a node that sends an interprocessor interrupt command to the 
BIIC. The register information i is shown i in Figure 13 and described i in Table 21. 


Bit 
31:16 


15:00 


31 
bb+1C | 


16 15 00 





IPINTR SOURCE 


| Figure 13 . VAXBI 78732 IP Interrupt Source Register Format . 


Table 21 » VAXBI 78732 IP Interrupt Source Register Description 


Type 


W1C, DCLOC, 


SC 


RO 


Description 


IPINTR SOURCE (Interprocessor interrupt source)—Each bit in this 
field corresponds to one node and is set when the destination of an 
interprocessor command to the BIIC is the same as the identification in 


this field. 
Reserved and cleared to zero. 
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Starting Address Register—The starting address register (SADR) defines.the starting address a 
256-Kbyte block of storage ina memory space or I/O space excluding node space or multicast 
space. The end of the block is defined by the ending address register. If the value of this address is 
greater than the ending address value, the address will not be recognized. The register information 
is shown in Figure 14 and described in Table 22. 


313029 | 18.17 - 00 
bb+20(0]0] STARTING ADDRESS 





Figure 14 » VAXBI 78732 Starting Address Register Format 


Table 2 22 « VAXBI 78732 Starting Address Register Description | 
Bit Type Description a 
31:30 RO Reserved and cleared to zero. . 


29:18  R/W, DCLOC START ADDR (Starting address)—Identifies the address of the first 
a megs location of a 256-Kbyte block of pores to be recognized by the BIIC 
for selection of the slave port. 


17:00 RO Reserved and cleared to zero. 


31 30 29 hove. cute 1817 sks _ : 00 
ENDING ADDRESS 





Figure 15 = VAXBI 78732 Ending Address Register Format 


Ending Address Register—The ending address register (EADR) defines the last address of a 256- 
Kbyte block of storage in a memory space or I/O space excluding node space or multicast space. 
The starting address of the block is defined by the starting address register. If the starting address 
value of this address is greater than the ending address value, the address will not be recognized. 
The register information is shown in Figure 15 and described in Table 23. 
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Table 23 » VAXBI 78732 Ending Address Register | De ription 
Bit Type | ‘Description 
31:30 RO | Reserved and cleared to zero. 


29:18 - R/W,DCLOC . END ADDR (Ending address)—Specifies an “address value fat is 
.. greater by one than the highest address recognized by the BIIC for 
selection by the slave port. The address must be the first location of the 
. 256-Kbyte block of addresses. If the starting address register contains 
the value 1C44 0000 (hexadecimal), and the ending address register 
contains the value. 1D68 0000 (hex decimal), then the BIIC will 
recognize addresses 1C44 000 through : 1D67 FFFF for selection of the 
slave port. — 














17:00 “RO | | fe Reserved and cleared 12 zero. 


BCI Control and Status Register-—The BCI control and status register (BCICSR) contains 
command enable bits.to control the operation of the slave-port interface. The register information 
is shown in Figure 16 and described in, able 24. Figpae i 16 shows the soa format and Table 14 
lists the function of the information. . 


31 pig url gig ABMT 16 164 1812 1110 0908 0706 05 0403 





BURST ENABLE 
IPINTR/STOP FORCE. 
_ MULTICAST SPACE ENABLE _ 
_ BDCST_ENA 





- STOPENABLE 
RESERVED ENABLE _ 
- ADENT ENABLE _ 
INVAL ENABLE 
WRITE. INVALIDATE ENABLE. 


-USER INTERE, SR SPACE ENABLE 
BIICCSR ‘SPACE ENABLE 

INTRENABLE  —s_ ee 

IPINTR ENABLE _ 

PIPELINE NXT ENABLE _ 
‘RTO Ev ENABLE _ 


Figure 16 . VAXBI BCI Control and Status Register Format 
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31:18 


17 


16 


15 


14 


13 


ii 


10 





Table 24- VAXBI BCI Control and Status be. aan Description : 


Type 
RO 


 R/W, DCLOC, 


NA 


R/W, DCLOC, 
SC, NA 


R/W, DCLOC, 
DS 


R/W, DCLOC, 
DS 
R/W, DCLOC 


R/W, DCLOC 


R/W, DCLOC 


R/W, DCLOC, 
DS 


‘Description 
Reserved and cleared to zero. 


BURSTEN (Burst enable) —When set, the BIIC asserts ‘the BINO ARB 
signal after the next successful arbitration until this signal is reset or 


until the BCI MAB signal is asserted. The assertion of the BI MAB 


signal clears the burst-mode state of the BIIC but does not clear this 


- bit. The BI NO ARB signal will remain asserted through the next 


successful arbitration unless it is cleared by a subsequent transaction. 


IPINTR/STOP FORCE (Interprocessor interrupt/stop force)—When 
set, the BIIC arbitrates for the bus and transfers an IPINTR or STOP 
command. The command that is sent is stored in the force-bit 
interprocessor command register and the destination field is contained 
in the force-bit interprocessor/stop destination register. This bit is 
cleared by the BIIC after the interprocessor interrupt transaction. If 
the transmission fails, a no acknowledge‘ or illegal confirmation for 
force-bit for INTR/STOP command (NICIPS) event code is sent and the 
no acknowledge to multiresponder command received (NMR) bit in the 
bus error register is set. 


MSEN (Multicast space enable)—When set, the BIIC asserts the 
BCI SEL line and transfers the appropriate slave code on lines 
BCI SC<2:0> after a read- or write-type command directed to the 
multicast space been received. 


BDCSTEN (Broadcast enable) — When set, the BIIC asserts the 
BCI SEL line and transfers the appropriate slave code on lines 
BCI SC <2:0> after a BDCST command has been received. 


STOPEN (Stop enable)—When set, the BIIC asserts the BCI SEL DS 
line and transfers the appropriate slave code on lines BCI SC << 2:0> 
after a STOP command has been received. 


RESEN (Reserved enable)—When set, the BIIC asserts the BCI SEL 
line and transfers the appropriate slave code on lines BCI SC<2:0> 
after a RESERVED command has been received. 


IDENTEN (Identification enable)—When ‘set, the BIIC asserts the 
BCI SEL line and transfers the appropriate slave code on lines 
BCI SC<2:0> after an identification command has been received. 
The BIIC will participate in an identification transaction to this node 
when this bit is cleared. 

INVALEN (Invalidate enable)—When set, the BIIC asserts the 


BCI SEL line and transfers the appropriate slave code on lines 
BCI SC <2:0> after an INVAL command has been received. 


Confidential and Proprietary 

















WINVALEN (Write invalid enable)—Wh n set, the BIIC asserts the 
SC _ BCT SEL line and transfers the appropriate slave code on lines 
BCI SC<2:0>. This occurs after the /BIIC receives a write-type 
command with an address not within the range of the starting and 

ending address register values and not within the 1/O space. 


08 R/W, DCLOC, UCSREN (User’s interface CSR “space enable)—When set, the BIIC 
SC asserts the BCI : aL line and tra f asters the appropriate slave code on 
> >i -read- or write-type command 


directed to the Sica and sta us ep sist i in the user’s interface. 


07 R/W, DCLOC, _BICSREN (BIIC control/states register space enable)—When set, the 
SC - BIIC asserts the BCI SEL line and transfersthe appropriate slave code 
on lines BCI SC<2:0> after receiving a read- or write-type command 
directed to the control and status register in the BIIC. The BIIC always 
-. particip: tes in transactions that access this space. 


06 R/W, DCLOC, INTREN (Interrupt enable)—When set, the BIIC asserts the BCI SEL 
_ DS line and transfers the appropriate slave code on lines BCI SC <2: 0> 
er : after receiving a read- or write-type command directed to the BIIC. | 


cessor interrupt. enable) When set, the BIIC 
Sc asserts the BCI SEL line and transfers the appropriate slave code on 
| - 3 2:0> after receiving an IPINTR command from a node 
ded it terprocess r interrupt mask register. The BIIC 
less of the state of this bit. 


04. R/W,DCLOC, PNXTEN (pipeline next enable)—Whén set, the BIC provides an 
iA additional next data word cycle after the last longword is transferred 
during write-type and broadcast transactions. This cycle can be used to 


transfer pointers to first-i [first-out (FIFO) buffers in the master port. 


















05 | RW, DCLOC, IPINTREN (Interp: rOce 











receives the PINTR commands regarc 














03 R/W, DCLOC, — RTOEVEN (Retry | timeout even enable)—When set, the BIIC trans- 
NA fers a retry timeout (RTO) instead of retry confirmation received for 
master-port command (RCR) event code on lines BCIEV <4:0> after 

-aretry timeout bias scene If this bit is cleared, the RTO bit in the 

bus error register will be set and an error interrupt will be generated if 


enabled. 
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Write Status Register—The write status (WSTAT) register indicates which of the general purpose 
registers have received information during a write VAXBI transaction. The register information i is 
shown in Figure 17 and described i in Table 25. ) 


31 30 29 28 27 | 7 ane . 00 
bb+2C | LL a Os 


|_ GENERAL PURPOSE REGISTER 0 
GENERAL PURPOSE REGISTER 1 
GENERAL PURPOSE REGISTER 2 
GENERAL PURPOSE REGISTER 3 


Figure 17 « VAXBI 78732 Write Status Register Format 


Table 25 = VAXBI 78732 Write Status = Description 


Bit Type | Description 3 7 
31 W1C,DCLOC GPR3 (General purpose register 3)—Set by a write VAXBI transaction 


to general purpose register 3 if valid parity is received. This bit is not 
set by loopback transactions. 


30 WIC, DCLOC GPR2 (General purpose register 2)—Set by a write VAXBI transaction 
to general purpose register 2 if valid parity is received. This bit is not 
set by loopback transactions. 


29. WI1C,DCLOC — GPR1 (General purpose register 1)—Set by a write VAXBI transaction 
to general purpose register 1 if valid parity is received. This bit is not 
_ set by loopback transactions. 


28 =. W1C,DCLOC  GPRO (General purpose register 0)—Set os a write VAXBI transaction 
o- to general purpose register 0 if valid parity is received. This bit is not 
set by loopback transactions. 


27:00 RO | Reserved and cleared to zero. 


Force-bit Interprocessor Interrupt/Stop Command serene oe force-bit IPINTR/STOP com- 
mand (FIPSCMD) register allows an interprocessor interrupt or stop transaction to be initiated 
when one of the interrupt force-bits in the user interface interrupt control register is set. The 
register information is shown in Figure 18 and described in Table 26. 


31 16 15 121110 00 






bb + 30 





COMMAND | 
MASTER 1D ENABLE 





Figure 18 = VAXBI 78732 Force-bit IPINT/STOP Command Register Format 
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Table 26 = VAXBI 78732 Force-bit IPINT/STOP Command R et Description 
Bit Type Description | 
31:16 RO Reserved and cleared to zero. 


15:12 R/W, DCLOC ~ ‘CMD (Command)—Indicates the 4-bit command map used to initiate 
an interprocessor interrupt or stop transaction when one of the 
interrupt force-bits in the user interface i interrupt control register is set. 
The command codes are i | 
«Bit ‘a Command a 
15° 14 49 Spe esa 
ee oaks Mies | ~IPINTR Cimepcease interrupt) 
; : eye Up age gee “STOP: : 
i R/W, DCLOC .  MIDEN. ‘(Master identification, enalilalss-Set to ‘enable the master 
: - identification to be transferred on the BI D<31:00> lines when the 
-command field (bits: 15:12) contains an interprocessor command code 


during the command/address cycle. Vhen the command field o contains 
a STOP command, this bit should be cleared. 7 


















10:00 RO 





User Interface Interrupt Control Register—The user interface. interrupt control register 
(UNITRCSR) controls the operation of the i interrupts initiated by the user’s interface. The register 
information is shown in Figure 19 and descri bed in Table 27. ‘The interrupt request referred to in 
Table 27 are. AnberTpSe initiated aby the = TINT <7:0> lings ¢ or al setting the ppapeybits 1 in this" 
register. | | ; 


| 31 2827, 2423 2019 16.15 1413  iaietets.- 02.01 00 
bb+40 | ; 





INTRABORT 7:4 | 
INTR COMPLETE 7:4 
INTR SENT 7:4 

-INTR FORCE 7:4. 
EXTERNAL VECTOR 
VECTOR 


Figure 19s VAXBI 78 732 User Interface Interrupt Control Register Format 
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Table 27 « VAXBI 78732 User Interface 








Bit Type | 
31:28 WiC, DCLOC, 


27:24 W1C,DCLOC, 
SC 


23:20 W1C, DCLOC, 
STOPC, SC 


19:16 R/W, DCLOC, 


STOPC 


15 R/W, DCLOC 


4-36 


Description | | 
INTRAB (Interrupt abort 7:4)—These bits correspond to interrupt 


levels 7 through 4. A bit is set when an interrupt command sent under 


control of this register is aborted causing a no acknowledge or illegal 
confirmation code to be received by the BIIC. Cleared by the user’s 
interface. The state of this bit. does not prevent the BIIC from 
responding to other interrupt or identification transactions. 


INTRC (Interrupt complete 7:4)—These bits correspond to interrupt 


levels 7 through 4. A bit is set when the vector for an interrupt has been 
successfully transmitted or when an interrupt command sent under 
control of this register is aborted. When a bit is set, no additional 
interrupt requests at the level specified will be generated. No response 
to identification transactions will occur when this bit is set at the 


IDENT level. A bit is cleared when the corresponding i interrupt request 


‘is removed. 


SENT (Interrupt sent)—These bits correspond to the interrupt levels 7 
through 4. A bit is set when an interrupt command for the correspond- 
ing level has been successfully transferred. This bit is cleared during an 
identification command that follows the detection of a level and a 
match of the master identification. This bit is cleared when the 
interrupt request is deasserted, When cleared, an interrupt request can 
be sent again if the BIIC has lost the identification arbitration or if the 
BIIC has won the arbitration but the vector transmission failed. 


FORCE (Interrupt force 7:4)—These bits correspond to interrupt 
levels 7 through 4. When set, the BIIC generates interrupts at the 
specified level. Setting a bit is equivalent to asserting the correspond- 
ing BCI INT<7:4> line. When multiple interrupt requests are 
asserted simultaneously, the BIIC transmits the interrupt command for 


_ the request with the highest priority first. The BIIC responds with the 


highest pending priority when an identification command solicits 
more than one level. : 


EX VECTOR (External vector)—When set, rae BIC solicits the 
interrupt vector from the BCI D<31:00> lines in response to an 
identification transaction to select this register. The slave port transfers 
an external vector selected (EVS) level during the cycle preceding the 


_ vector transfer on the BCI D < 31:00 > lines. A slave-port interface that 


is using the BIIC must stall the vector by transferring a stall code on the 
BCI RS<2:0> lines for at least one cycle during the identification 
arbitration cycle before transmitting an acknowledge (with vector) or a 
retry response. 
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Bit Type Description L. 
14 @#22RO , _ Reserved and cleared to zero. | | 


13:02 RAW,DCLOC' ~- VECTOR (Interrupt sequence vector) —Ci ontains wale vector used dur- 
| - ing the user s interface i interrupt aes 2S except when the exterhal 


identification as that is the same as the conditions specified 
by the user interface i interrupt control register. 


01:00 RO | Reserved and cleared to zero. 


General Purpose a ; 
The BIIC contains four general purpose registers (GPRO through GPR3) that are available to the 
user and are implementation specific. The type of bits in these registers are R/W and DCLOC. 
When information is written to a GPR, the write status register/identifies the GPR that received 
the information. Figure 20 shows the register format. - 





‘bbtFO | ie _ GENERAL PURPOSE REGISTER 0 
bb+F4 | : GENERAL PURPOSE REGISTER 1 


bbtFg].- ss GENERAL PURPOSE REGISTER 2 _ 





bbirc] ———___ GENERAL PURPOSE REGISTER 3 


Figure 20+ VAXBI 78732 General Purpose Register Format 


Confidential and Proprietary 4-37 











Preliminary": VAXBI 78732 


Slave-only Status Register 

The slave-only status register (SOSR) is located out of the BBIC CSR space and is used by slave 
nodes that have a device-type code and contain zeros in bits 14:08. The register format is shown in 
Figure 20A and the information is defined in Table 27A. The Broke bit and Memory Size (MSIZE) 
_ field must contain valid information. This is a read-only register and must not be written into. 


31 «2928 : | 1817 131211 0 
bb + 100] | | | 





Figure 20A «= VAXBI 78732 Slave-only Status Register Format 


‘Table 27A « VAXBI 78732 Slave-only Status Register Description 


Bit Type Description 

31:29 Implementation dependent 

28:18 RO MSIZE (Memory size)—A binary number that indicates the size of 
memory as a multiple of 256 Kbytes. | 

1713 | Implementation dependent 

12 RO,SC Broke—Set by the user’s interface ioe BCIDCLO ae the BIIC is 


deasserted to indicate the failure of the node to pass the self-test. Must 
be cleared by the user’s interface upon the successful completion of the 
self-test. 


11:00 - Implementation dependent 


Receive Console Data Register 

The receive console data (RXCD) register, implemented by VAXBI nodes that have a console 
terminal on the VAXBI, is used to receive data from other consoles. Nodes without a console must 
issue a no acknowledge response to read commands to this register or return a longword with the 
Busy 1 (bit 15) set before the Broke bit of the slave-only register is cleared. The RXCD register 
responds to longword VAXBI bus transactions directed to this register. If the RXCD register is in a 
primary console node, a lock bit must be implemented in the interface. When the optional upper 
word of a unlock write with cache intent (UWMCI) command to this register is not used, the mask 
bits can be ignored (assumed to be all set). 


The register format is shown in Figure 20B and the information is described in Table 27B. 


4-38 | Confidential and Proprietary 


ee ) VAXBI 78732 





3130 2827 161514 1211 
BUSY2 | 
NODEID2 | | er ae 
CHARACTER 2 | oe ee | re 
. BUSY1_| ae 
NODE ID 1 
CHARACTER 1 
OPTIONAL REQUIRED 
“<31:16> Facities chee “<18:0> 


Figure 20B = VAXBI 78732 Receiie Console Data a Format : 





Table 27B + VAXBI 78732 Receive Cor ak Data Register Description 





Bit Type Description 


31 R/W Busy 2—Set to naa ae the aso 2 : HAR 2) field (bits 23:15) 
has not been read by the remote node. This bit must be cleared before 
CHAR 2 is available for another character. | 





30:28 RO ee. Reserved and cleared to zeros. 

27:24 R/W NODE ID 2 (Node idintification 2) Contains = Acidification of 
the local node that sent information to the Character 2 field. 

23:16 R/W _ CHAR 2 (Character 2)—Contains the console command character or 
console message sent from the local to the remote node. 

15 R/W _ Busy 1—Set to ‘indicate that the ster 1 (CHAR 1) field (bits 





07:00) has not been read by the remote S riode. This bit must be cleared 
before CHAR 1 is available for another character. 


14:12 — Reserved and cleared to zeros. 


RO eau: — 
11:08 R/W aes NODE ID 1 (Node identifica ion cGeuuar the identification of 





the local node that sent information to the: ‘Character 1 field. 


07:00 R/W ~ CHAR 1 (Character 1)—Contains the console command character or 
7 Mics console message sent at from the local to the x remote node. =~ as is 





. VAXBI Interface Node , 


Figure 21 is a 4 diagram of a VAXBI node that qa the connecting lines and signals between the 
BIIC and master-port and slave-port uset’s interfaces, and between the BIIC and VAXBI bus. The 
BIIC decodes and matches the addresses from the VAXBI bus and performs all arbitration 
functions between the VAXBI bus and the BIIC. It includes the primary receiver and protocol logic 
required to interface to the VAXBI bus and all VAXBI bus transceivers associated with the data 
transfers and most of the bus receivers. The master-port and slave-port interfaces communicate 
with the BIIC through the synchronous interface BCI bus. The BCI bus consists of 64 lines that 
transfer data, address, and control information to and from the BIIC. The user’s interface can 
request transfers through the BCI bus under control of the BIIC. 
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USERINTERFACE. = i s—(i—i—‘“‘—~*s*—~™~C*S@B 
BCIBUS | | VAXBI BUS | 


j RECS al 
an a 
INTE ease 
INTERFACE ) 
BrBSY 
BINO ARB 
BI CNF<2:0> 


BCI D<31:00> BI ok 00>. 
BCI I|<3:0> 


Ci POH 
| BCI EVeaoS 
SLAVE — 
PORT | ) BCT RS<1:0> 
INTERFACE | 1 BCi a 


INTERRUPT | | BONINT<745 0” 
INTERFACE | | BCI TIME L _ BCI PHASE L 





- FROM VAXBI CLOCK RECEIVER 


Figure 21 «= VAXBI 78732 Interface Node Connections 


The BIIC can detect and transfers commands from the VAXBI bus to the master-port or slave-port 

interface. In.a multiprocessor environment, the addresses transmitted on the VAXBI bus are 

available to the user’s interface for monitoring cache invalidate transactions. The BIIC supports the 
transfer of information between the master and slave within a single node. 


Data and address information is transferred between the uset’s interface and the BIIC through the 
time multiplexed three-state BCI D < 31:00> lines. Commands are transferred through the BCI 
I<3:0> lines. The direction control is provided by the BIIC. The master-port interface initiates 
command sequences by transferring a code on the request BCI RQ<1:0> lines and the BIIC 
responds by asserting the appropriate enable signal that transfers the command information to BCI 
bus. Command and data confirmation is transferred from the user’s interface to the BIIC through 
the response lines. Transaction status is transferred to the user’s interface through the event BCI 
EV<4:0> lines. Several registers in the BIIC control the operation of interrupt requests. 
Interrupts can be generated by asserting one of the BC] INT<7:4> lines or by writing 
information into one of the interrupt control registers. The BIIC provides vector information from 
an internal register in response to an identification command or it can solicit vector information 
from a user’s ‘interface. ‘ 
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Master-port Transactions wa 

The master-port BCI signals are used to generate internode and intranode transactions. Transac- 
tions directed to other nodes are internode transactions and are limited to longwords. Intranode 
transactions can be VAXBI transactions that are issued by the master port through the VAXBI bus 
or loopback transactions that are not transferred through the VAXBI bus. These transactions can 
transfer longwords, octawords, or quadwords. 


The master-port interface requests a transaction by transferring a code on the BCI RO<1:0> 
lines. The BIIC asserts the BCI MDE line to inform the user’s interface that the command/address 
information is required on lines BCI1< 3:0 > and BCI D<31:00>. In subsequent cycles the BIIC 
asserts the BCI NXT and BCI MDE lines to request the data from the user’s interface. 


actions panteS potsacte 7 : 

The slave-port interface sen to read i write requests to memory locatiotis in this node but 
not to transactions that access the BIIC registers. It'also receives commands directed to more than 
one responder such as interrupt commands. The slave port will respond to all transactions directed 
to it including more than one transaction received sequentially. It can operate at the sustained peak 
bandwidth of the VAXBI bus if the user’s interface is capable of this transfer rate. 

Nodes that generate interrupts can use the interrupt port of the slave to request the transfer of an 
interrupt and to respond with an external vector to an identification command. 


Slave-port Trans 2" 





VAXBI Address Space 


The VAXBI address space is grouped into memory address space locations and. eee (I/O) 
address space locations. During the first cycle of a read-type,  write-type, and invalid transaction, a 
30-bit physical address A29:00 is transferred on the BID <29:00> lines. Lines BID<31:30> 
specify the length of the transfer in longwords. When bit A29 is zero, the 512-Mbyte memory 
space from 0000 0000 to 1FFF FFFF (hexadecimal) is accessed. When address bit A29 is a one, the 
512-Mbyte I/O address space from 2000 0000 to 3FFF FFFF (hexadecimal) is selected. The address 
space allocations are shown in Figure 22. 








Confidential and Proprietary 4-41 











Preliminary _ VAXBI 78732. 


Hex Address 
2000 0000 
Node 0 Nodespace 
(8KB) 
2000 1FFF 
2001 E000 
Node 15 Nodespace 
(8KB) 
2001 FFFF 
2002 0000 
_ Multicast Space | 
~ (128KB) 
2003 FFFF 
~ 2004 0000 
Node Private Space 
(3.75MB) 
— 203F FFFF 
2040 0000 
Node 0 - ves, 
Window Space | | 
(256KB) | | 
— 2043 FFFF 
207C 0000 
Node 15 
Window Space | 
acini: | 207F FFFF 
RESERVED 
2200 0000 
RESERVED 
(for multiple VAXBI systems) 
(480MB) 
SFFF FFFF 





Figure 22» VAXBI 78732 Input/Output Address Space Allocations. 
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The VAXBI architecture defines the use of the I/O address space that contains node space, 
multicast space, window space, and reserved space. Up to 16 VAXBI buses can be accessed. Address 
bits A28:25 define the mapping mechanism used to access these buses. If the I/O space is selected 
and an address bits A28:25 is ones, a reserved location of 2200 0000 suigiea 3FFF FFFFF 
(hexadecimal) is selected. 


The I/O spaces are selected by the address configurations shown in Figure 23. Two blocks of 1/0 
space are partitioned according to the opmareteh of the node. The node ee is positioned at 





One nodespace i is assigned to bach nen tae can . inplemiened: on oe VAXBI bas The first 256 
bytes of each space consists of BIIC control and status register space and the remaining space is 
assigned to the user’s interface control and status information. The window space starts at address 
2040 0000 (hexadecimal) and contains 16 blocks of 256 Kbytes each and can be used by adapters to 
map VAXBI transactions onto the selected bus. 
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1/0. SPACE. . : , ABR fs, 3 ges seh ay a 

28 25 ae | Ce gs oN . s ee an Oe 

[ _| srecirtes wice VAXBI BUS aber 
= 24.23 ; | aes | - : a 

[o_ofiF nor ZERO BITS. 24:23 INDICATE.RESERVED SPACE | 


— [1] wwwoow space a 


2148 | 
SPECIFIES WHICH NODE’S WINDOW SPACE 


17 00 








22 
NON—WINDOW SPACE 
21201918 
|0 00 0| 1F NOT ZEROBITS 21:18 INDICATE NODE PRIVATE SPACE 
17 
NODESPACE 
16 13 
12 00 
17 
MULTICAST SPACE 
16 00 


Figure 23 « VAXBI 78732 I/O Space Addressing 
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Node Space Assignments 
Each node that interfaces to the VAXBI bus is assigned an identifieatis 
0 to 15. The ID code determines the bus and interrupt priority level assi 
of the node’s registers. The ID is selected by jumper lead connections 


Figure 24 shows the node space allocations. The assignment of the 8-Kbyt node space . depends on 


the type of node as defined by this identification. The starting address for a node is 2000 0000 
(hexadecimal) plus 8K times the node ID. The base address i is 5 referred t to as “bb. 2 


number (node ID) of from 


BIG OSH SPARE ee on he. ors | 
+ (2BB- BYTES), 055 acre - ANSI REGISTERS a 


NODESPACE 6) 3b cucctahis, cp, Seat oie estate a 
(8 KBYTES) USERINTERFACE _ 
"CSR SPACE © 





Figure 24 » VAXBI 78732 Node Space Allocation 


The first 256 bye of a node space is escaped for the VAXBI: registers ad — remaining space is 
assigned to user’s interface control and status registers (CSRs). The CSR space (bb + 100) contains 
slave-only status and is used by memory nodes that do not implement the Broke bit of the VAXBI 
control and status register. Location bb+200 is reserved for the receive console data register 
(RXCD) and is implemented by nodes capable of performing transactions with the console 
terminal. Nodes that do not have the console capability respond to read commands with a no 
acknowledge or with a longword in which the RXCD busy (bit 15) is set. 


Because the BIIC has one starting and one ending address register, a node cannot respond with a 
window space and region of memory space. Responses to mu titast — and user OmR _— can 
be disabled by the BCI control and status tegistet. : mA . pore tad 


The BIIC can be configured to respond t to any combination of the oli 
- The node space of the node © rt 





ddress Teens he ee 


- The space defined by the’starting idea goad evil; 





- The multicast space 
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VAXBI Protocol and Cycle Types 


The VAXBI nodes contain arbitration logic. Each ie provides two arbitration levels. To ieee 
bus master, a node asserts one of the 32 data lines during an the arbitration transaction and 
monitors the remaining data lines to determine if a lower number line has been asserted. If no line 
is asserted, the node becomes bus master and transfers command/ address information immediately 
or when the current bus transaction if has been completed. 


The BI NO ARB line controls access to the bus data path for arbitration. Acbieaone can occur 
during a cycle or after a cycle following the deassertion of this line. Arbitration cycles can occur 


during a transaction or after a transaction. The command/aderess information from the bus master 
is decoded by the node during the next cycle. ; 


Arbitration performed during a transaction cycle is defined as an embedded arbitration cycle. 
During the embedded arbitration cycles, all nodes update their arbitration priority according to 
the arbitration mode and the ID of the current master. During this cycle, the master of the current 
transaction transfers its encoded ID on lines BI 1<3:0> and parity for these lines. From this 


information, the nodes check the parity and calculate the arbitration priority. A master cannot 


arbitrate during the embedded arbitration cycle of its transaction. | 

The node priority is transferred on lines BI D<31:00> during the adveiation cycle. Figure 25 
shows the node ID assignment and priority level assignment. Lines BID < 31:16> are assigned the 
lowest priorities of from 15 through 0, respectively, and lines BIE D<16:00> are assigned the 
highest priorities of from 15 through 0, respectively. During powerup, the nodes default to the low- 
priority word. 





~ Priority)\ Priority — 


_ howe Priority Word eS High-Priority Word 


Figur 25s VAXBI 78 732 Node Identification and Priority Assihnens. 


Arbitration Modes 

The arbitration modes, defined by the VAXBI Srtasel are dual round ein: fixed: high priority, 
and fixed-low priority. The dual round robin mode is the only user authorized mode. The 
remaining modes are reserved for use by Digital. The modes are selected by arbitration control (bits | 
5 and 4) of the VAXBI control and status register and can be changed by a node during system 
operation. Any combination of arbitration modes can exist on the VAXBI bus, however; the fixed- 
high and fixed-low modes are reserved for use by Digital. All nodes defanle to the dual round-robin 
mode during the powerup sequence. 

Dual Round Robin Mode—During this mode, the node arbitrates on the ton nts word when 
the ID of this node is less than or equal to the ID of the previous bus master. When the ID of the 
node is greater than the ID of the previous bus master, it arbitrates on the higher priority word. If 
this mode is selected by all nodes on the VAXBI bus, all nodes will have equal access to the bus after 
a period of time. In multiprocessor configurations, this mode prevents excessive bus latency time 
that may occur when a node is denied bus access because several processors are performing 
instruction loops. 
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time to the sae is reine. 
Transaction ee 





data ri ini in Figure 2 26. The basis ope alice 
lines. 















COMMAND/ 
ADDRESS 
(C/A) CYCLE 


IMBEDDED 
ARBITRATION 
(IA)CYCLE =| 





Figure 2 26» VAXBI 78732 Transaction Cl Format 


C aiteaad) Riukieas tress Cycle—This i is the fs als of al VAXBI transactions adi is identified by a 
node when the BIBSY BSY signal’ is asserted shepire: a cycle where the BINO ARB BI NO ARB signal was 5 asserted. 






information to select the aispropbtate lave on lines 
restricted to one of the formats listed in Table 28. 








Table 28° V VAXBI 78732 Command 
Transaction _ _VAXBI Bus Lines — 
| 7 BID<31;16>_ “BID<15:00> 
Read-type Length code and 30-bit address 
Write-type Length code and 30-bit address 
Invalid Length code and 30-bit address Shen 6. sted 
Interprocessor interrupt Decoded master ID Destination mask == 
Interrupt | Levels oh er Destination mask — 
Stop eet. Destination mask 
Broadcast Reserved Destination mask 





_ Identification | Level ~ Reserved gsibees 


During read-type, write-type, and invalid transactions, the selection information consists of a 
length code and 30-bit address. The selection information can also be a 16-bit destination mask i in 
which each bit corresponds to a node ID. This enables from 1 to 16 nodes to be involved in the same 
transaction. The destination mask is used for all multiresponder transactions except for the invalid 
transaction. The interprocessor interrupt transaction uses the decoded mask and destination mask 
to select a slave. The level field selects the slave during a identification transaction. 
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VAXBI 78732. 


Embedded Arbitration Cycle—During the second cycle of a transaction, the encoded ID of the 
master is transferred on lines BII< 3:0> and the VAXBI Idata pa is available oe hacia of the 
other nodes unless the burst mode is selected. 


Data Cycles—One or more data cycles can follow the jabedded hin a During flav 
cycles, data is transferred between the master and slave node through the VAXBI data path. The 
number of data cycles required normally depends on the length of the transfers and the number of 
stall responses issued by the slave. During identification transactions, the number of data cycles 
depends only on the number of stall responses. Multiresponder transactions, except for broadcast, 
use one reserved transaction. During broadcast transactions, data cycles cannot be stalled. 
Therefore, the number of data cycles depends on the length of the transfer. Table 29 lists VAXBI 
bus information transferred during the data cycle for each transaction type. 


Table 29 » VAXBI 78732 Data Cycle nee Transfer — 


Transaction 


Read-type 

Write 

Write with cache intent 
Write mask with cache intent 
Unlock write with cache intent 
Invalid 

Interprocessor interrupt 
Invalid 

Stop 

Broadcast 

Identification 


- VAXBI Bus Transactions 


VAXBI Bus Lines’ 
BI D<31:00> 


read data 
write data 
write data 

write data 

write data 
reserved 
reserved 
reserved 
reserved 
reserved = 
interrupt vector 


BII<3:0> 


read status 


reserved 


reserved 
write mask | 


write mask 


reserved 
reserved 
reserved 
reserved 


reserved 
~ vector status 


This section describes the types of transactions that are supported by the VAXBI a ana defines 


_ their use. 


Single and Multiresponder Transactions 
Single-responder transactions are directed to one node and multiresponder transactions are 
directed to more than one responder. Table 6 lists the commands that can be used with these 


transactions. 


During single- responder transactions, data is transferred between a master and a slave node. The 
master requests that a node be a slave with a 30-bit address. The node receiving the address uses 
this and other information transmitted during the command/address cycle to determine its slave 


status. 
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Multiresponder transactions are initiated by the INTR, IPINTR, INVAL, STOP, and BDCST 
commands from a master. During these transactions, the master sends a destination mask instead 
of an address. Interrupts are generated by a master when it-issues aINTR command message to one 
or more slaves capable of accepting interrupt requests or when it issues an IPINTR command to 
other processors. The INVAL command is used to notify a node that the cache data in its memory is 
invalid. The STOP command is used to diagnose errors. The BDCST command is reserved by 
Digital and is used to send information ae a the entire system. _ 





Interlock Transactions -- 3 : 
The IRCI and UWMCTI interlock aie: and the I IPINTR interprocessor ee support 
interprocessor communications. These commands allow | processors to communicate by exchanging © 
messages that are deposited i in a shared memory. The shared m pemory access is synchronized 
because the memory access from one-processer may be interspersed with memory accesses from 
another processor. Software-level synchronization is achieved through the use of the VAX interlock 
and queue instructions, and implemented by the IRCI and UWMCI transactions. 


During IPINTR transactions, one processor interrupts the operation of another processor. Both 
shared memory and interprocessor interrupts can also be used. One processor. can deposit a 
message in a specific location of shared memory and then issue a IPINTR command to notify the 
ited aig 















for aie fice considerations. = 


Data Transfer hasaee dite ian es 3 ity sa alia 
During the command/address cycle of pores} and wri = ype ti ns: 1 D< | 
specify the number of bytes to be transferred and lines BID < 29-00 = aia the eis Table 
30 lists the data length selections. 


Table 30 = VAXBI 78732 Data Length Codes 








BI D Lines Data Length Bytes 
31 30 

H H Reserved 

H L LW (longword) 4 

L H QW (quadword) 8 

L E OW (octaword) 16 





The low address of the block of data transferred is a multiple of the size of the block of data in 
bytes. During read-type transactions, the address supplied during the command/address cycle may 
not contain the low address of the block of data transferred. 
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Address Interpretation—The interpretation of the address during read-type and write-type 
transactions depends on the transaction type, address space, data-length field, and low-order 
address bits. Figure 27 shows the longword and byte references in an octaword block. 


DI = 
D2 = 


D3 = | 





Figure 27 « VAXBI 78732 Longword and Byte References in an Octaword Block 


Address BO specifies the data length as follows: A<29:02>'00= = longword, A <29: 03> o> 
quadword, A < 29:04 > ‘000 = octaword. 


Read-type Transactions—Table 31 lists the i interpretation values of the addresses during read-type 
transactions. During this transaction, the slave first transfers the addressed longword of data and 
the remaining longwords depend on the implementation of the node. The address normally is data- 
length aligned and the remaining longwords are transferred in ascending address order. If the 
initially addressed longword is not data-length aligned, the remaining longwords are transmitted in 
ascending order until the beginning of the data-length aligned block is reached. A wrap will then 
occur and the next longword transferred will be located at the base address of the block. 
Longwords are then transferred in ascending order until the entire block has been transferred. 
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LW 





| space? 
NWS 


NWS 
NWS. 
WSs 
NWS 
NWS. 
WS 


NWS > 


WS/L 
Wws/w 


W/W 


WS/B 
WS/B 
WS/B. 
WS/B 


Table 31 - VAXBI 78732 R 





~ A29:04'00XX — 


A29:04'01XX 


“A29:04'10XX 


A29:04'11XX 
A29:03'0XX 
A29:03'1XX 
Not used? 


~A29:02'XX 
A29:02 ‘XxX 
~ A29:02'0X 


A29:02'1X 


A29:02'00 


—-A29:02'01 
A29:02'10 | 


-A29: 0211 - 








received 
A29:04'00— 





A29: 04’11— 


~~ A29:03'0— 
~A29:03'1— 


—— A29:02'— 
~ A29:02'— 


~ A29:02'0— 


hear 
~ A29:02'00 © 


A29:02'01_. 
A29: 02'10. 


- A29:02'11 


‘Refer to Table 30 a data length sbbreuaeon: PRU ABE 6) 7 
27NWS=nonwindow space, WS=window space, B se secastble W =word accessible, 
L=longword accessible, X= = any data, — SS eo — = concatenation 


>Slave must respond with ano ac 





I sees 


Spt D2, D3, and D4 
A29: :04’01— a 


D2, D3, D4, and D1 


.» D3, D4, D1, and D2 
pe D4, D1, D2, -and D3 


D2 and Di : i 


~~ Di (B3, B2, B1, and BO) 


D1 (B3, B2, B4, and B5) 


D1 (XX, XX, B1, and BO) 
- D1 (B3, B2, XX, and XX) 
D1 (XX, XX, XX, and BO) 
D1 (XX, XX, B1, and Xx) 
D1 (XxX, B2, XX, and XX) 
-D1 83, XXEXX, and XX) 


& Pa a : 


Write-type Teansactions— Table : 32 > lists the. ean values of the. addresses during write- 
type transactions. During VAXBI write transactions, data is transferred in ascending order. 
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Data §. Address _—_ Address _ Address .. Return data order 

length' — space’ transmitted received " 

Ow ©. NWS — A29:04’00XX ~ - A29:04’00— . - D1, D2, D3, and D4 
OW WS. not used’ i : 4 

QW NWS A29:03’0XX A29:03’0— D1 and D2 : 

QW OWS not used? a “ 

LW NWS — A29:02'XX A29:02'— Dl 

LW WS/L --A29:02’XX ~A29:02'— ~~ -ZD1 (B3, B2, B1, and BO) | 
LW A29:02'0X A29:02'0— D1 (—, —, B1, and BO) © 
LW A29:02'1X — A29:02'1— D183, B2, —, and —) 
LW  A29:02'00 A29:02'00 D1 (—, —, —, and BO). 
LW A29:02'01 A29:02'01 — Di (—, —, B1, and —), 
LW A29:02'10 A29:02'10 D1 (—, B2, —, and —) | 
LW A29:02'11 A29:02'11 








Table 32 = VAXBI 78732 Weite-type Transaction Address Interpretation 





RI (B3, —, —, and a | 


‘Refer to Table 30 for data length abbreviations. | : ne 

2NWS=nonwindow space, WS= = window space, B=byte incest W=word accessible, 
L=longword accessible, X =any data, —= ignored by slave, '=concatenation 

’Slave must respond with a no acknowledge. : : 


Memory Cache Data—VAXBI nodes that contain data caches must monitor the VAXBI write-type 
transactions. If a cache location is accessed, the data must be marked as invalid. If the node cannot 
mark the data as invalid before the monitoring transaction is complete, the monitoring transaction 
must be extended. ‘Refer to: — VAXBI oe beaiag ‘Manual for beaee information on 
data caches. : 
Write Mask—During WMCI and UWMCI data sci the write saa is transferred on the 
BI 1<3:0> lines. When a mask bit is set, the corresponding byte is modified by the information 
on the data lines. These lines are not defined for write-type data cycles that do not use the mask. 
Table 33 shows the byte assignment for the write mask codes. 


Table 33 = VAXBI 78732 Write-mask Code Assignments 


Asserted Byte 

BI I line BID line 
3 31:24 

2 23:16 

1 15:08 

0 7:00 
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Preliminaty- - VAXBI- 78732. 


Read Status—The BIT<3:0> lines transfer a read-status code from the slave to the master during 
the acknowledge data cycle of a read-type or identification transaction. The code defines the type 
of data returned to the master. Table 34 shows the read status code assignments. 


G 








Table 34 » VAXBI 78732 Read Status Code Assignments 








BI I line Status 

3 2 1 0 : 

H * H H Reserved 

H + H L Read data : 

H * _ H Corrected read data ~ 

H * L L Read data substitute 

L * H H Reserved — 

L - H L Read data/do not cathe 

L * L H Corrected read data/do not cache 
L x L L Read data substitute/do not cache 
*Reserved 

Write-type Transactions 





The VAXBI bus supports four write-t ype transactions that are used to transfer data from a master 
node to a slave node. The following paragraphs describe the sequence used during the transactions. 


The abbreviations referenced on the write transaction timing diagrams are: 

M=master node, S=slave node, Ss= more than one slave, AAN=all arbitrating nodes, AN =all 
nodes, APS=all potential slaves for identify transactions prior to identification arbitration 
selection. A (>) before a response indicates the CNF code transferred during the transaction. 
WRITE Command—The Write transaction transfers data from a mastet to a slave when the master 
does not store the data in cache memory. Figure 28 shows the transaction timing of a WRITE and 
Write with Cache Intent (WC) command for.an octaword. 
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Figure 28 » VAXBI 78732 WRITE and WCI (octaword) Transaction Timing 
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During the command/address cycle, the master specifies the length of the data on lines 
BID<31:30>, the address ¢ on lines BID <29:00>, and the command on lines Bl1<3:0>. Parity 
Y line is asserted until the last 
| ee data cnc. _ During the Siamaslues aiele: the BINO ARB line is deasserted and 
then asserted with the BI BSY line until the end of the cycle. During the embedded arbitration 
cycle, all nodes except for the present master can arbitrate for the bus control. 


The slave transfers a command confirmation code to the master during cycle D1. This code 
nfis rmation codes provide informa- _ 





tion is to ie data transfers, 


The master sends data to be written during D1 and succeeding data cycles. Slaves that are unable to 
receive the data at the specified time can issue a stall response for a maximum of 127 cycles to delay 
the data transfer until it is ready. During the data cycles of WRITE command, the information on 
the BIT<3:0> lines is undefined. Durin g the data cycles, the master cad the ppaty ‘that is 
checked by the slave. 


Write with Cache Intent—During the Write with Cache Intent ecw transaction Sian in Figure 
28, the data transferred may be written into cache memory. This can occur only if the data 
previously written into the same location in the cache is valid. The slave node must issue an INVAL 
command for subsequent write transactions to the same locatior s that are not performed with a 
WCIVAXBI transaction. The WCI transaction is always performed if th 













tl enode is unable todetermine 
ifthe data transferred will be written into cache. The response to this command by the slave is the 
same as a WRITE command. During the data cycles of WCI command, the information on the 
BII<3:0> lines is undefined. © 
Write Mask with Cache Intent—The Write Mask with Cache Intent (wc ee is similar 
to the WCI command except that the k yt ytes of the address locations to be modified 
the master. The write mask is transferred on the BII<3: > lines utingieach data cycle. The 
master generates parity for the entire VAXBI dats ‘ph regardless 0 of the ne pres to be pmoditied. The 
MCI transaction timing is s shown i in Figure 29. a 
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Figure 29 » VAXBI 78732 WMCI and UWMCI (octaword) Transaction Timing 
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Unlock Write Mask with Cache Intent—The Unlock Write Mask with Cache Intent (UWMCI) 
command is used to complete a read-modify-write operation that began with an interlock read with 
cache intent (IRCI) command. It is used to unlock a shared memory structure. The slave should not 
clear the lock bit if a parity error occurs duing this transaction. A node must issue this transaction — 
as soon as possible after issuing an IRCI command. A write mask is transferred on lines BII<3:0> 
during each data cycle. The UWMCI transaction Baing g is shown in aaigute 29: 


Read-type Transactions 

The VAXBI bus supports three read- -type transactions cilak are sised bs to eat rn data to a master node 
from a slave node. The following paragraphs describe the sequence aed during the transactions. 
The abbreviations referenced on the write transaction timing liagrams 


M=master node, S=slave node, Ss= more than one slave, AAN =all hrbiorting nodes, AN =all 
nodes, APS=all potential slaves for identify transactions prior to identification arbitration 
selection. A (>) before a response indicates the CNF code transferred during the transaction. 


READ Command—The read transactions transfer data from slave to master when the data will not 
be stored in cache memory. Figure 30 shows the transaction iming of-a READ command that 


transfers an Loctayrord 
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Figure 30 * VAXBI 78732 READ, RCI, and IRCI (octaword) Transaction Timing 
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During the command/address cycle, the master specifies the length of the data word on lines 

BID < 31:30 >, the address on lines BI D < 29:00 >, and the command on lines BII< 3:0 >. Parity 
is generated by the master and checked by the nodes. The BI BSY line is asserted until the last 
acknowledge data cycle. During the command/address cycle’ the BI NO ARB line is deasserted and 
then asserted with the BI BSY line until the end of the cycle. During the embedded arbitration 
cycle, all nodes except for the ptesent master can arbithage for the bus control for the next 
transaction. ee sr ‘ 


The slave transfers a command cgiiticmetion code to my ‘master during cycle D1. This code 
indicates the status of the slave and any errors conditions that: may exist. Subsequent confirmation 
codes provide information related to the data transfers. A confirmation code providing informa- 
tion related to the last two data cycles is transferred from the master to the slave. 


The slave sends data to be written during D1 and succeeding data cycles. Slaves that are unable to 
send data at the specified time can issue a stall response fora maximum of 127 cycles to delay the 
data transfer until it is ready. During all data cycles of Read command, the parity generated by the 
slave is checked by the master and the read status from the slave on lines BI1< 3:0 > provides the 
master with status information. 


Read with Cache Intent—The Read with Cache Intent (RCI) transaction , shown in Figure 30, is 
used to read data that is intended to be stored in cache. If a “do not cache’ ‘ead status is transferred 
on lines BII1<3:0> from the slaye, the master must not store the data in cache memory. The 
response from the slave for this command is the same as for the Read command. This command is 
used for cached multiprocessor systems to inform the slave pat the data read will be stored in the 
cache memory of the master. 


Interlock Read with Cache Intent—The Interlock Read Dain with Cache Intent (IRCI) transaction 
supports read-modify-write operations and is used with the UWMCI command. The transaction 
timing shown in Figure 30 is the same as for the read transaction. When the memory space of a 
node has been successfully actessed by this command, the node must set a lock bit that will cause 
susequent IRCI transactions directed to the same locked address to be repeated. The lock bit must 
remain set until a UWMCI transaction directed to the same locked address range is successful. The 
minimum size of an address range controlled by a single lock bit in the window range is a byte, and 
beyond the window range, the minimum size of the address range is an octaword. 

_ Ifthe slave transfers a read data substitute status code, the IRCI transaction is unsuccessful and the 
lock bit should not be set and the master should not initiate the UWMCI transaction. If an IRCI or 
UWMCI command is received before the errors are ‘detected in the previous IRCI command, the 
slave should issue a stall or retry confirmation until the state of the lock is determined. 














A multiport memory with a lock bit set by any port will issue a retry response to. an IRCI command. 
An IRCI command from the VAXBI bus to a UNIBUS adapter is interpreted as a data-in-pause 
(DATAIP) transaction to the UNIBUS and a DATAIP transaction frome the UNIBUS to the VAXBI bus 
must be translated as an IRCI command to the VAXBI bus. 


Invalidate Taleocens 

The invalidate (INVAL) command is mee by processors and intelligent nodes during write 
operations to local memory to inform the nodes that their cached data may be inweld. Figure 31 
shows the transaction timing of a INVAL command. 
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Figure 31 = VAXBI 78732 INVAL Transaction Timing 
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During the. command/address cycle, the, master specifies the length of the data word on lines 

) » address on lines BID <29:00>, and the command on lines BII< 3:0>. The 
ie pacer oe specifies the number of consecutive addresses to be invalidated. The low-order 
address bits are reserved. Parity is generated by the master and. i ecked ibe the nodes. Table 35 


shows the ic eae tnopeBessation dusibg: this; transaction. 



















_ Table 35  VAXBI 78732 Invalid Transaction. anemar Inerprettion ” 





Data length | 


Octaword A28:04’0000 429.0422 
Quadword A28:03'000 A29:03’--- 
Longword A28:02’00 A29-02'-- 


The nodes, except for the present master, can arbitrate for the bus control for the next transaction 
during the IA cycle. The acknowledge and no acknowledge are the only valid responses from the 
slaves to this command. 

A node can delay the start of the next transaction to allow time to invalidate its cache by asserting 
the BI BSY signal through cycle D1 and until the data is invalidated. 


Interrupt Transactions 


The VAXBI bus supports device interrupts consisting of INTR and INVAL transactions and 
interprocessor interrupt IPINTR transactions. During device interrupts, the interrupting device 
supplies an interrupt vector in response to the identify transaction that is unique to the device. 
During IPINTR transactions, the interrupt vector and level are the same for all interrupts and are 
stored in the receiving node. 


Device Interrupts 

Nodes that are capable of generating interrupt requests contain a vector that is used by the VAX 
processors to select one or more 512-byte locations in memory. These locations contain address 
pointers used to select interrupt service routines. | 


During the command/address cycles of the interrupt transaction, each BI D<19:16> line 
corresponds to an interrupt level. Line 19 is assigned the highest-priority interrupt (level 7) and line 
16 the lowest priority interrupt (level 4). These levels correspond to the VAX processor interrupt 
priority levels (IPL17 through IPL14). 


An interrupt node issues an identify transaction when it is ready to service an interrupt request. 
The interrupt level field from the node must contain only one level of the interrupt it is ready to 
service. This level must be the highest priority for which the bus master has received an interrupt 
request and has not responded with a identify transaction. 


Nodes that have an interrupt pending at the Ident level respond by arbitrating for the bus during 
the identify arbitration cycle of the identify transaction. The winner of the arbitration transfers its 
interrupt vector during the next cycle. The VAXBI interrupt vector is different from the VAX 
system interrupt vector described in the VAX-11 Architecture Reference Manual. 














Interrupt vector values of zero and vector values that are multiples of 200 (hexadecimal) are null 
interrupts that indicate no action is required to service the interrupt. If more than one bit is set in 
the destination field of a node, two or more processors will attempt to service this interrupt and 
each processor will issue an identify transaction. If only one node issues the interrupt, the first 
processor to issue the identify transaction will service the node. The remaining processors will issue 
identify transactions, however; an interrupt vector will not be returned because no contenders exist 
during the interrupt arbitration cycle. The null interrupt indicates to the processor that no nodes 
are waiting to be serviced. 7 dh! nde Sage 


Interrupt Command—The i interrupt (INTR) command is used to initiate an n interrupt ce ae to 
one or more nodes on the bus. Figure 32 shows the transaction timing of a INTR command. 
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Figure 32 « VAXBI 78732 INTR Transaction Timing 
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During the command/address cycle, the master transfers the interrupt request level on lines 

BID< 19:16>, the interrupt dbcination mask on lines BID < 15:00 >, and the command on lines 
BII<3:0>. Lines 6 BI D<31:20> are reserved. Parity is generated by ake master and checked by 
the nodes. 


The nodes, except for the present master, can arbitrate for the bus control for the next transaction 
during the IA cycle. During the D1 cycle, the slaves transfer an acknowledge or no acknowledge 
response to the master. 


The node that received the interrupt transfers an IDENT command to the node that initiated the 
request to solicit a vector. Only one of the many nodes that may receive the IDENT command will 
transfer the vector. | 

During INTR commands, interrupts may occur at more than one interrupt priority level. Nodes 
respond to the commands if their decoded ID is the’same as the destination code transferred on the 
BI D< 15:00> lines during the command/address cycle. Nodes that respond to INTR commands 
must store an interrupt pending bit for each of. the four interrupt levels to permit them to solicit 
vectors with IDENT commands. The interrupt level field of a command/address cycle may contain 
zeros, however, the slave must respond with an ACK confirmation. 


Identify Commands—The identify command (IDENT) is used by nodes to solicit interrupt vectors 
in response to an INTR command. Figure 33 shows the transaction timing of a IDENT command. 
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Figure 33 « VAXBI 78732:IDENT Transaction Timing 
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the identification level on lines BIE D<19:16>. The IDENT level field can contain only one 
asserted bit. Lines BI D<31:20> and BI D<15:00> are reseved. Parity is generated by the 
master and checked by the nodes. Line BI BSY is asserted until the vector is transferred. 


During the IA cycle, all nodes except for the present master can arbitrate for bus control during the 
next transaction. During this cycle, nodes cannot arbitrate for an Intr transaction. The decoded ID 
is transferred from the master on lines BI D<31:16> during the D1 cycle and the parity is 
generated by the master and checked by the slaves. Nodes that detect invalid parity must transfer a 
no acknowledge response and must not participate in the identify transaction. 


Nodes participate in the Ident ARB cycle if all of the following conditions exist: 

: The interrupt level pending corresponds to the level sent during the ome address cycle. 
« A command parity error has not been detected. 

- A master decoded ID parity error has not been detected. ; 

= The decoded ID from the master is the same as the INTR destination mask. 


The slaves arbitrate by asserting a bit that corresponds to their node ID on one of the 
BI D<31:16> lines. Lines BID < 15:00>, B11<3:0> and BI PO are reserved during this cycle. 
The slave with the highest sublevel priority wins the cycle and transfers an acknowledge, no 
acknowledge, retry, or stall response in the next cycle. Figure 33 indicates a stall response in this 
cycle. During the ACK Vector cycle the slave transfers the vector on lines BID < 13:02> and status 
on lines BII<3:0>. If the transfer is unsuccessful because of a parity error, the master transfers a 
no acknowledge response two cycles after the slave attempts to transfer the information. The 
master issues an IDENT command at the same level again to obtain the vector. Upon receiving the 
acknowledge response indicating no parity error, the master clears the interrupt pending bit at the 
identify level. When the vector is transferred, lines BI D<31:14> and BI D<01:00> must be 


zero. The vector parity is generated by the slave and checked by the master. 


Two cycles after the vector has been transferred, the master issues an acknowledge confirmation if a 
parity error was not detected. The responding slave assumes that the vector is correct when the 
final acknowledge is. received from the master. If a no acknowledge confirmation is received, the 
slave issues the INTR command again prepares to transfer the vector when the IDENT command is 
received. . 

Nodes that participate but lose the identify arbitration must again initiate the interrupt 
transaction. at the same level to prevent the loss of previously posted identify levels. Nodes transfer 
a no acknowledge responce if the i a condition is removed or if the interrupt was serviced by 
another node. ip 
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_ Figure 34 = VAXBI 78732 VAXBI Interrupt Vector Formats 
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bed in Table 36. 


Table 36 » VAXBI 78732 VAXBI Node ID Vector Descriptions 
Description 
MBZ (must be zero) 
Set to one 
S (Interrupt vector number)—One of four interrupt vector values assigned to a node. 
NODE ID (Node identification) —A interrupting node value of from 0 through 15. 
MBZ (must be zero) 
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The target vector specifies one of up to 128 interrupt service routines. Each adapter that issues this _ 
vector has a unique adapter number and the range of numbers determines A the range of  pasaible 
vectors. The target vector field assignments are described in Table 37. 


Table 37 » VAXBI 78732 VAXBI = Vector Descriptions 
Bits Description 


13:09 ADAP NO (Adapter number)—A unique adapter number assigned by the operating 
system software and used in constructing the interrupt vector. 


08:02 TARGET VEC (Target vector)—Specifies the range of cee vectors in a system. All 
zeros indicate a null interrupt. 


01:00 MBZ (must be zero) 


Interprocessor Interrupt—The interprocessor interrupt (IPINTR) is used by processors to interrupt 
the operation of other processors. This command is similar to the INTR command except that the 
level and vector are not transferred during the transaction but are stored in the node that receives | 
the command. Figure 35 shows the transaction timing of a IPINTR command. 
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Figure 35 » VAXBI 78732 IPINTR Iransaction Timing 
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During the command/address cycle, the master transfers its decoded ID on lines BI D< 31:16> 
the command on lines BI I<3:0>, and the interprocessor destination mask on ie 
BI D< 15:00>. Parity is generated by the master and checked by the nodes. 


All nodes except for the present master can arbitrate for control of the bus for the next transaction 
during the IA cycle. 


The nodes that receive the interrupt compare the decoiiid ID from the master with the 
corresponding bit position in the IPINTR mask register to determine if they have been selected. 
During the D1 cycle, the slaves transfer an fecal or no. acknowledge response to the master; 


the information on lines BI D<31:00> BIT<3: 0>, and BI PO is reserved; and parity is not 
generated. 


When an interprocessor interrupt request is received ia VAX processor node, a level 14 
(hexadecimal) interrupt is generated with an interrupt vector system control block offset value of 
80 (hexadecimal) The processor that receives the interrupt examines the IPINTR souce register to 
identify the processor that initiated the request. A bit is set in this register indicates that an 
interprocessor interrupt has been received from a processor with the corresponding node ID. These 


bit should be cleared after being read. 


STOP Command—The STOP command selectively forces a inode to the stopped state preventing 
them from initiating a VAXBI transaction. It causes the node to retain the available error 
information. Nodes, however, can respond to VAXBI transactions. This allows the node to be 
accessed and the error information examined during diagnostic tests. After a STOP command is 
received, a node can be initialized by the powerdown/powerup sequence or restarted by the 
software from its present state. The lock bit of the node must remain after the STOP command is 
received. Figure 36 shows the transaction timing of a STOP command. 
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The STOP transaction sequence is similar to the ee (INTR) sequence except that the 


interrupt level information is not required. 
Nodes selected by the STOP command must 


« Stop issuing transactions as soon as possible. 


_ « Remove posted i interrupts by clearing the Sent and Force bits | in n the user’s interface and interrupt 


control registers. 


= Set the hard error interrupt enable bit in the VAXBI Soule a status register. 


The Stop command should be assigned a low level of impletientation to assure that the node 


reaches the stopped state as soon as possible. 


During the command/address cycle, the master transfers the interrupt destination mask on lines 
BID < 15:060>, and the command on lines BII< 3:0>. The information on lines BID < 31:16> is 
reserved. Parity is generated by the master and checked by the nodes. 


The nodes, except for the present master, can arbitrate for the bus control for the next transaction 
during the IA cycle. During the D1 cycle, the slaves transfer an acknowledge or no acknowledge 
response to the master. A node must sane one of the ene while proceeding to the stopped 
state. oy 





= Issue a retry response when it receives subsequent arek recende commands. 
= Issue a no acknowledge response when it receives subsequent single-responder commands. 


- Extend the STOP transaction by keeping the BI BSY line asserted. 


BIIC Transaction Status Information 


Significant events within the BIIC or VAXBI bus are reported to the master-port and slave-port 
interface through event code lines BCI EV<4:0>. These lines provide 32 event codes that are 
grouped into summary event codes that provide status at the end of a transaction, status event 
codes that provide status during a transaction and special codes that indicate self-test status and 
bus timeout information. Table 38 lists the event codes class and type. 
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Preliminary VAXBI 78732 
Table 38 - VAXBI 78732 BCI Event Code Assighments 
ch No event : 
M:info Master-port transaction stipe 
S:info © Acknowledge received for slave read data. 
M:info Retry confirmation received for o ma stet-port command 
S:info Internal register written 
M: error/info No acknowledge or ill - al. confirmation received for i interrupt 






M:error 
M:error | 


* M:error/info 


M:error 
M:error 
M:error 


_M:error 


M:info 
I:info 
I:info 
I:info 
I:info 
I:info 
M/S:error 


M:error 


info 


ledge of illegal « confirmation received for Force-bit _ 
interprocessoys stop command " 
nfirmation odved for error vector 
Stall timeout on slave transaction 
Bad parity received during slave transaction 
Illegal confirmation received for dlave data 
Bus busy error 


Acksowledge confirmation received foe nonerror r vector—level 4 





Ackil! LoniGadtion resided for nonerror vector—level 6 
_ Acknowledge confirmation received for nonerror vector—level 7 
Read data substitute or reserved s status code received — 

Illegal confirmation received for master-port command 

No acknowledge confirmation received for master-port command 





Illegal confirmation 1 recei ed by master-port data cycle 
Retry timeout 


Bad parity received during master port transaction 
Master transmit error check — etl‘ 


Advanced retry confirmation received 
Error identification arbitration lost 
External vector selected—level 4 








External vector selected—level 5) 
External vector selected—level 6 
| External vector selected—level 7) 
Bad parity received 
Bus timeout | 
- Self-test passed 





*M= master, S$ =slave, I=interrupt, info= Jelodbaticn | 


Confidential and Proprietary 4-73 





Summary Event Code Operation—Th mary EVent (EV) code indicates the successful 
completion of a transaction or an error: condition resulting from-a transaction with a node. The 
master-port interface receives one master summary EV code for each transaction unless the 
transaction is aborted. The slave-port interface receives this code for transactions in which an error 
is detected and for successful read-type and identification transactions, and when information i is 
written into the VAXBI registers from the VAXBI bus. | | re, 


The summary EV code lines are shared by the master and slave ports. The information is time- 
multiplexed with a transaction cycle dedicated to the master codes and a transaction cycle 
dedicated to the slave codes to assure that there is no contention between ports for the information. 


Figure 37 shows the summary event code timing for a successful write-type and broadcast 
transaction of a longword. Figure 38 shows the event code timing for a successful read-type 
transaction of a longword. When a bus error causes the transaction to abort, the event code may 
occur before the times indicated unless the transaction is intranode. 


CYCLE 4 rai ee Me ea | 5 6 
C/A es eS ee Ge a 
-. BLCNF CODE mes | ack | ack | ack 
SOURCE | vo ie | Slave | Slave | Slave 
“pweopes oof or | | | sum ev | sumev 
SOURCE fo. foe oe. fp oie, Ue | Slave Master 
BCI RAK 


Figure 37 = VAXBI 78732 Summary Event—WRITE and BDCST Longword Transaction Timing 


cycle | 1 2. i ee ee ern ee 6 
C/A | oA Dif 
BI CNF CODE ACK | ACK | ACK 
SOURCE | fo Slave | Master | Master 
EV.CODES _ ae | | sum ev | sum ev |. 
SOURCE | | Master Slave | 
BCI RAK 


Figure 38 = VAXBI 78732 Summary Event—READ Transaction Timing 
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Figure 39 shows the summary event code timing for a success OP, INTR, IPINTR, and INVAL 
transaction from a’ master-port. No event code is transferred] by the slave port for these 
transactions. ig the STOP, IPINTR, and INVAL transactions, the event code is transfe: 
during cycle 6. A no acknowledge or illegal confirmation received EV code is transferred 
cycle 6 by unsuccessful IPINTR and INTR transactions generated by the BIIC. 









crre | 1 | 2 | 3. | 4 | 5 | 6 
C/A |. IA, |. D1 | % a a 





BI CNF CODE 
SOURCE 





EV CODES | a | _ | SUMEV | 


BCI RAK 






Figure 39 « VAXBI 78732 Summary Event—STOP, INTR, IPINTR, and. INVAL Transaction Timing . 


Status Event Code Operation—Status event codes provide status information during a transac- 
tion. The bad parity received event codes (BPM and BPS) are transferred the cycle after a data cycle 
parity error has been detected by a slave or master node. This allows a write-type transaction to be 
terminated soon after the error has been detected. These event codes are also transferred at the end 
of the designated cycle. 

The INTR command results in two types of slave status codes—The external vector selected (EVS4 
through EVS7) codes and the identification lost (IAL) code. The EVS codes are transferred during 
cycle 4 and the IAL code during cycle 5. 

Special Event Code Operation—The bus timeout (BTO) and self-test passed (STP) codes are special 
event codes that are not related to a transaction. The BTO code can be transferred during any 
transaction cycle except the data cycles of a master transaction from this node. Other event codes 
are transferred before the BTO code. This code is then transferred continuously until the request(s) 
are removed or the transaction begins. The STP code is transferred after the BIIC has completed the 
self-test operation. 


Confidential and Proprietary 4-75 





Preliminary = VAXBI 78732. 


Event Code Windows—The interval of time that the summary or. status event codes can be 
transferred is from cycle 4 of the transaction until cycle 3 of the following transaction. The node is 


required to relate the transaction and siiauiaatd event cone svcsald 40 shows the transaction event. 
code windows. 3 . 





cycte | 1 213 | 4 5 6 | 7 8 9 | 140] 
}cia1] ta | ot |cvaz] ta | v1 | 02 | c/a] IA DI 


= ee saena 


‘EV codes for——>|<- EV codes for | EV codes. fore 
previous trans. | transaction No. 1 | transaction No. 2 


Figure 40» VAXBI 78732 Transaction Event Code Windows Timing 


Event Codes and Bus Error Register 


Most event codes that are transferred are irene on be status of the bus error register (BER) 


bits. Figure 41 shows the saan 2 of the codes to the BER. The event codes are defined in 
Table oe 3 ae 
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BTO 
NIC 
NICIPS 
= aa 
BPS | 
ICRSD | {$4 
= me 
RDSR El 
= mes 
— | | 
= aoe 
ICRMD anes | | | 
RTO sn i na dee | 
KEY 


.t Direct correlation between the eiput of the EV code and the setting of the Bus Error Register bit. 


pal ‘Same as ad for master port interface transactions. BIIC-generated transactions will never cause the output of 
| the MTCE EV code if the error condition is detected. The MTCE bit, however, will: be set, 


| This EV code sebrepents one error condition, but not the 2 ont'¢ condition, that will result in the . getting of this 
cei BER bit. 


_S | Same as 4 for illegat CNF responses: however, ‘this error bit will riot be wet if the response was ; NO ACK. 


«/ This BER bit represents one error condition, but not the only. eon. thet will result i in the output of this. EV 


Figure 41 = VAXBI 78732 Event Code and Bus Error Register Correlation 
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Table 39 = VAXBI Event Code Descriptions 





AKRSD 


STP 
RCR 


TRW 


ARCR 


NICI 
NICIRS 
AKRE 


TAL 


EVS4-EVS7 


STO 
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Description 
No event reported (default deasserted state) 


| Indicates that the last master-port transaction on the VAXBI bus has been 


completed successfully. During nonpipeline requests, the MPC code is transferred 
during the cycle in which the BIC RAK signal is asserted. If a master performs 
pipeline requests, this code may appear during the C/A cycle or embedded ARB 
cycle. The master must associate this code with the related transaction. If a stop 


transaction selects the slave-port interface of the master, no summary event code 


will be sent. 


Sent from a ‘slave to indicate that the last ae transaction was successfull 
completed. 


Indicates that a node was unable to start.a mare within 4096 cycles after a 
request from the BIIC or a master-port interface had been posted. Sets the BTO bit 
in the bus error register. After the bus timeout, the BTO event code i is transferred 


until all requests are completed or a transaction occurs. 


Indicates that the BIIC self-test has been successfully completed. 


Indicates that the confirmation received from the slave curing, the le cycle froma 
slave or master has occurred previously (retry). : 


Indicates the completion of a VAXBI write-type transaction that was directed to the 
BIIC control and status register space of this node. 


Used by the master-port interface to support pipeline requests. This code is 
transferred by the BIIC during the the cycle that follows the receipt of the retry 
confirmation. Because this event code is transferred one or two cycles before the 


‘retry confirmation received event code, it is useful in support the master-port 


design of pipeline requests. 


Transferred if the confirmation received for an Intr transaction is a no acknowledge 
code, reserved code, or an illegal response code. 


Transferred for IPINTR or STOP.commands that are initiated by setting 7 
IPINTR/STOP bit in the BCI control and status register. 


Transferred after the slave receives an acknowledge confirmation fom the identify- 


ing master for the transmitted error vector information from the slave. 


_ Transferred by the BIIC two cycles after the identification arbitration was lost by 
the slave. | | | 


Used to solicit an eceral vector from the user’s annetiace when the BIIC 
participates in the identification arbitration, when the EV bit is set in the interrupt 
control register of the user’s interface, and when no error interrupt is pending at 
this node at a level selected by the IDENT command. 


Transferred if the user’s interface stalls a data cycle for more than 127 consecutive 
cycles. A node that is not a slave will receive this code if it extends a VAXBI 
transaction for more than 127 cycles. 
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"Transferred if a slave detects a parity error during a write-type ea or stall 
| cycle or during a broadcast pacias data vel . This condition sets the SPE bit 


in the bus error register. 
BPR Transferred by a master or slave during the grea after the BIIC detzets a parity error 
ns during the following data cycle types: 


—Read-type acknowledge (for the master) 

~ —Vector acknowledge (for the master) — 
—Write-type acknowledge or stall (for the sigs) 
—Broadcast acknowledge (for the slave) 





ICRMD Transferred by the BIIC during read-type,. ee pat broadcast transactions if 
the slave returns an illegal confirmation code after the command confirmation has 
been received. : . 

RTO Transferred by the master for each retry response after 4095 retries from the slave 


when the RTOEVEN bit is set in the BCI control and status register. 





BPM | Transferred when the master detects a parity error on the VAXBI bus during. a read- 
type or vector acknowledge datacycle. = 

MTCE Transferred for master-port transactions. whos the data nccivel on tthe 

BI D<31;0>, BI11<3:0> and BI PO lines is not the same as the data transmitted 


from this pode: This occurs during a cycle in which the master should be the only 
node to transfer information on these lines except when encode ID of the master is 
transferred during an embedded arbitration cycle. The BIIC also sets the MTCE bit 
in the bus error register. 


- BIC Operation 


The following describes the operation of the BIIC dating poweriip sequence. and during \ VAXBI 
transactions. 


Powerup Sequence’ 

During the powerup sequence, the BIIC disables the VAXBI driver circuits, loads the configuratio 
information from the user’s interface into the BIIC registers, and and performs. a self-test operation. 
The BIIC asynchronously asserts the BCT DC BCI DC LO signal when BI DC LO is asserted. Information 
from the BCI D < 31:00 > lines is loaded into the device register, the node ID information from the 
BCI 1<3:0> lines is loaded into the VAXBL control and status register, and the state of the BCI PO 
line is loaded into the user parity enable (UPEN) bit of the bus error register. The state of the BCI PO 
line determines if the BIIC or user’s interface will Benenate parity for the data transferred from the 
BIC. : 
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Self-test Operation 
The BCI DC LO line must be asserted for a minimum of 72 cycles (14.4 puerseonil) soallowthe:. 
BIIC to initialize the registers associated with self-test. When the BI DC LO line is deasserted, the 
BIIC deasserts the BCI DC LO line and starts the self-test. The BI NO ARB line is asserted during 
the self-test operation to prevent VAXBI bus activity. After the self-test has been successfully 
completed, the BIIC transfers the EV code (STP) for one cycle during the cycle after the self-test 
completes. BI NO ARB is not asserted during the node reset sequence. The user’s interface can 
monitor this code or can read the VAXBI control and status, register to determine the results of the 
self-test. ‘Table 40 lists the status of of the BIIC and user’s interface signals during the self-test 





operation. 
| Table 40 - VAXBI 78732 Self-test Signal Status 

BIIC seeerted | BIIC deasserted 7 User asserted 
lines lines lines* 
BCID <31:00> BCIMDE BCIRO<1-0> 
BCII<3:0> BCISDE _ BCIINT<74> 
BCI PO BCINST ~—sdrBCIRS<T0> 
BI NO ARB** - |). BCICLE .-. _.. _. BCTMAB 

BCISEL | 

BCI SC <2:0> 

BCIEV<4:0> 

BID<31:00> 

al 

BI BSY 


*These lines are aeucnaly asserted. During the self-test, the diagnostic mode code should not 
appear on lines BCI RQ < 1:0> to prevent the termination of the self-test before completion. 
**The BIIC asserts the BI NO ARB signal anene powerup self-test but not during NODE reset self- 
test. 


Retry State 

The BIIC enters the retry state in response to a decals retry response code from a slave during reall 
type, write-type, and identification transactions. The BIIC transfers the RCR event code and stores 
the command/address information of the transaction and the first data longword in its buffers 
during write-type and broadcast transactions. When the uset’s interface deasserts and then 
reasserts the request, the BIIC reinitiates the transaction. This provides the node with a variable 
delay before the transaction is initiated again. Nodes can initiate a retry transaction by disabling 
the VAXBI transaction request with the RCR event code. 

After the BIIC receives 4096 consecutive retry confirmation responses, it issues the RTO event 
code. The user’s interface can then continue to retry the transaction and the BIIC will continue to 
transfer the RTO code each time it receives a RCR response for the recent transaction. The user’s 
interface must assert the BCI MAB line to terminate the transaction. 
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The BIIC. monitors: the state of the request Tines to determine if a transition has occurred. It 
compares the received state of the line from the previous cycle with the received state of the current 
cycle. The transition of the request lines from the deasserted state (no request) to the asserted state 
(a request other than diagnostic mode) is interpreted as a request. The request code on the 

BCI RQ < 1:0> lines can be removed during any cycle after the assertion. of the BCTRAK signal by 
the BIIC. A new request will not be recognized by the BIIC until the request lines have been 
deasserted for at least one cycle. Fheretore anew request cannot t be presented: until the econ cycle 


after a request has been removed. 


When the BIIC receives a VAXBI request, it initiates the bus arbitration for the new transaction as 
soon as posible. If the bus master simultaneously i initiates a new request, the BIIC will arbitrate for 
the new request in the next available cycle ¢ after the last cycle of the present transaction. | 

A pipeline request is a request posted prior to the deassertion of he BCI RAK signal for the peesent 
master-port transaction. Figure 42 shows the signal timir Mon thiiea eline requests that allow the 
master-port interface to transfer data at a throug! Vi p 









ARB | C/A | IA- |) 


BCI RAK 





BCI RQ 0 


Earliest cycle in ‘which anew 
_ request may be asserted — 


Earliest cycleinwhicha | 
ona may be a aa 


Figure 42 « VAXBI 78732 Request Signal Timing 


VAXBI *ieeneection Request—The master-port interface uses the VAXBI t transaction request code 
to request transactions on the VAXBI bus. The transactions can be directed to other nodes on the 
bus or to the slave node on the same VAXBI interface. Only longwords can be transferred to the 
_ slave port. 


All VAXBI commands can be initiated by the user’s interface except for the interrupt command. 
Interrupts are initiated by asserting a BCI INT <7:4> line or by setting a force-bit in the user’s 
interface interrupt control register in the BIIC. The interprocessor interrupts can also be initiated 
by setting the IPINTR bit in the BCI control and status register. 

Loopback Requests—The master-port interface uses the loopback request code to initiate 
longword intranode read-type and write-type transactions to node spaces that do not require the 
use of the the VAXBI data lines. Loopback transactions permit fast access to the BIIC and slave- 
port registers regardless of the activity on the VAXBI bus and during some bus failures. A node can 
access its node space registers without reference to the node ID. During loopback transactions, the 
BIIC disables the VAXBI drivers except for the BI NO ARB and BI BSY lines, and the transaction 
data is looped back to the VAXBI bus receive logic. 
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Loopback transactions and VAXBI bus transactions can occur concurrently. A loopback transaction 
can occur at one node while two other nodes are performing a VAXBI transaction. To assure proper 
bus operation, however, the BIIC will not initiate a loopback transaction when another node is 
initiating a VAXBI transaction. Because peponcs © transactions extend the bus cycle, the: lees 
access latency may be degraded. — 


Loopback transactions are received by the BIIC similarly to VAXBI transactions except for the 
following: 


« High-order address bits on lines BI D< 29:13 > are ignored by the address selection logic of the 
BIIC except for parity qualification. The BIIC completes the transfer the same as if these lines 
contained the value 10 0000 0000 000n nnn (hexadecimal): where n nnn is the ID of this node. 
The address transferred to the slave port interface will be the same as the address received by the 
BIIC from the master-port interface. Read-type and write-type loopback transactions have 
limited addressing capability because the node ID is not required. The user’s interface can access 
only the node space within the node that connects to the user’s interface. Addresses defined by 
the starting and ending address registers of the BIIC can be accessed only by VAXBI transaction 
requests. 


The BIIC does not arbitrate for the bus and VAXBI transactions are not generated. If the bus is 
idle, a loopback transaction begins two cycles after the loopback request is initiated. The BI NO 
ARB and BI BSY lines are asserted during the command/address cycle of the loopback request to 
assure that no other BIIC will interpret this request as a VAXBI bus transaction. Asserting these 
signals extends a current VAXBI transaction to allow the completion of the loopback transaction. 
If a VAXBI bus transaction has been initiated, the node with the pending loopback request waits 
to verify that it has not been selected for the VAXBI transaction before processing the loopback 


request. 


The dual round robin arbitration priority is not upasice by the BIIC during the embedded 
arbitration cycle of the loopback transaction. 


Diagnostic Mode—This mode is reserved for Digital ate is used in the development of bus testers, 
bus monitors, and other diagnostic equipment. It facilitates testing of the BIIC and provides access 
to the VAXBI bus. Refer to the VAXBI Systems Reference Manual for detailed information on the 
diagnostic mode. 

The BIIC supports the BCI-to-BI and BI-to-BCI transparent mode operations where where the BCI sCI signals 
are reassigned to correspond with the VAXBI bus signals except for the BI AC LO and BI DC LO 
signals. The assignments and state of the signals are shown in Table 41. 
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Table 41 = Diagnostic Mode Bus Signal A's oo 








BCILine State | BI Line 
D<31:00> Gnverted —- D<31:00> 
1<30> ‘inverted 1<3:0> 
EVO ? notinverted ===» CNFO. 
EV1 | | not inverted ae oe CNF1 

EV2 | | ~ notinverted : er CNF2 

EV3_ | wid NO ARB on 


EV4t” not inverted  BSY 


In the BCI-to-BI transparent mode, cme user’s interface transfers data on n the BCI D<13:00>, 
BCI 1<3:0>, and BCI PO lines with the normal setup. time and the. data is synchronously 
transferred to the VAXBI bus by the BIIC. 


In the BI-to-BCI transparent mode, the data receives! ae the. VAXBI bead is latched pee each 
cycle and transferred to the BCI lines by the BIIC cutring’ each eyes: | Data is tagnsigered to the BCI 
in the same timing sequence as a nontransparent mode. | | 


The diagnostic mode supports a command that allows the anual ot sie pane wpe, node ID, and 
parity mode information at the end of the assertion of the BCI DC LO signal. 


During the diagnostic mode, the BIIC examines the BCI interrupt and resporise lines 
BCI RO < 1:0> to determine the diagnostic mode operation. The code on these lines must not be 
transferred until the BIC Bi ere} the self-test. The diagnostic mode control signals on lines 

i : 1:0 7:4 d during the same cycle in 
which ite BIC is set to transparent mode. The operating mide’ can be changed by the 
BCI RS < 1:0> and BCIINT < 1:0> lined without deasserting the BCTRQ <1:0> lines. The new 
operation begins within three cycles after the mode oe Table 42 lists te nesipmnse: codes for 
the diagnostic mode. 














BCIRS Line | BCI INT Line ain 

1 0 Cota REY & 5 4 | 

H: <:H H H H H _ Nooperation 

H H oe L iL L _ BCI-to-BI transparent mode 
HL H LHL ___ Loadconfiguration data 
L L L L H H 


BI-to-BCI transparent mode _ 
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Read-type Transactions _ . 

During master-initiated read-type transaction, the master-port DE requests a VAXBI transac- 
tion through the BCI RQ<1:0> lines. The BIIC responds to this request by asserting the 
BCI MDE signal to indicate to the master that a VAXBI command, address, and parity information 
(for user-generated parity) should be transferred on the BCI lines. When the BIIC wins control of 
the VAXBI bus, it transfers this information to the bus and asserts BCI RAK line. The asserting 
edge of the BCI NXT signal indicates when valid read data is on the BCI lines. If a STALL command 
is received from a slave, the assertion of the BCI NXT signal is delayed until an acknowledge is 
received. Following the last data cycle, the BIIC issues two acknowledge confirmations on the 
VAXBI bus if the transfers were successful. The final acknowledge can be inhibited by the user’s 
interface if it asserts the BCI MAB signal. The MPC event code is transferred during the cycle that 
the final acknowledge 1 is on the VAXBI bus. The BCI RAK line is also asserted at this time unless the 
master port issues a pipeline request. | 


All BIIC nodes deassert the BCI CLE line during the embedded arbitration cycle to allow the data 
from the BCI to be loaded into the BIIC. Each BIIC determines if the transmitted address is within 
the range of addresses that are allocated to its node. The BIIC in the selected node asserts the 
BCI SEL line and issues the appropriate select code on the BCI SC<2:0> lines. The command 
response of the slave must be transferred on the BCI RS<1:0> lines before the end of the 
embedded ARB cycle. An acknowledge response is a positive command confirmation and indicates 
to the master that the data cycle in process contains valid read data. During a read-type transaction, 

a stall response indicates that the data is not valid, a retry response indicates that the command 
cannot presently be completed, and a no acknowledge response indicates that the node was not 
selected by the transmitted address. The slave provides read data, data status, and responses 
continually until all data is transferred from slave to master. At the end of successful transactions, 
the BIIC of the master node transfers two acknowledge responses on the VAXBI bus. The BIIC of 
the slave node responds with a AKRSD event code during the a following the final acknowledge 
response of the BIIC. 


The BIIC controls the read transactions with its internal registers. The user’s interface, however, 
can monitor the read transactions of its node space if the BCISREN bit in the BCI control and status 
register was set. When a successful read-type transaction to an internal register of the BIIC has been 
performed, the BIIC issues an AKRSD event code. 


Write-type nishwecions | : 

The master-port interface requests a . VAXBI transaction on ines B BCI RO <1: 0 >. The BIIC 
responds to this request by asserting the BCI MDE line to indicate to the master that a VAXBI 
command, address, and parity information (for user-generated parity) should be transferred on the 
BCI lines. After the BIIC wins the VAXBI bus, it transfers this information to the bus and asserts 
the BCI RAK line. During the embedded arbitration cycle, the assertion edge of the BCI NXT 
signal indicates that the first data word should be ready for transfer to the bus. During the same 
cycle the BIIC asserts the BCI MDE line that transfers the first data longword from the user’s buffer 
to the BCI bus. The BCI NXT and BCI MDE signals transfer each data word during a cycle until the 
transfer is completed. An additional BCI NXT cycle occurs at the end of this transaction if the 
pipeline NXT enable bit in the BCI control and status register is set. After the last write-data cycle, 

the slave transfers two acknowledge responses. TI The BIIC then issues an MCP event code to the 
user’s interface and in the same cycle the BCI RAK line is deasserted unless a pipeline request was 
issued from the master-port interface. 


All BIIC nodes deassert the BCI CLE line during the eens arbitration cycle to allow the data 
from the BCI to be loaded into the BIIC. Each BIIC determines if the transmitted address is within 
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the range of addresses that are allocated to its node. The BIIC in the selected node asserts the 
BCI SEL line and issues the appropriate select code on the BCI SC-<2:0> lines. The command 
response of the slave must be transferred on the BCI RS<1:0> lines before the end of the 
embedded ARB cycle. An acknowledge response is a positive command confirmation and indicates 
to the master that the data cycle in process contains valid read data. A\stall response indicates that 
the data from the first data cycle should ‘be repeated in the second data cycle. A retry response 
indicates that the command cannot presently be ssraatres A no oe fesponse indicates 
that the node was not selected by the address transferred. } 


The slave-port interface provides an acknowledge or stall response fot ai data cycle until all the 
data is transferred from master to slave. At the end of successful 1 transactions, the BIIC of the slave 
node transfers two acknowledge responses on the bus and the BIIC of the master node responds 
with a MCP event code during the cycle following the final acknowledge response of the slave. 


The BIIC controls the write transactions with i its internal registers. The user’s interface however 
can monitor the write transactions if the BCISREN bit in the BCI control and status register is set. 
A write transaction to an internal register or to a node is similar except that the information on the 
BCI RS<1:0> lines has no effect on the confirmation responses of the BIIC. When a successful 
write-type transaction to an internal register of the BIIC has been performed, the BIIC issues an 
IRW event code. 





Interrupt and Ideritification Transactions 7 : 

The BIIC can generate a user’s interface interrupt or an error interrupt by transmitting an INTR 
command on the VAXBI bus. Error interrupt requests have the highest priority for transaction 
transmission and in response to IDENT commands. 


The user’s interrupt is initiated by the interface when i it asserts one of the BCIINT<7:4> lines or 
when it performs a write transaction to set the appropriate interrupt force-bit in the user’s interface 
interrupt control register. 


The error interrupt is automatically generated by the BIIC when a bus error is detected and the hard 
error interrupt enable (HER) bit of the VAXBI control and status register is set. The user’s interface 
can also cause an error interrupt by setting the interrupt force (INTR force) bit in the error interrupt 
control register. 


Following an interrupt request, the BIIC arbitrates for the VAXBI bus and, after winning the bus, it 
initiates the interrupt transaction. The user’s interrupt and error interrupt use the INTR 
destination register to select a node. During the command/address cycle of the interrupt 
transaction, the appropriate INTR Sent bit is set in the user’s interface i apa a! control register or 
the error interrupt control register. 


If more than one interrupt level is pending for the user’s interface, the BIIC > will transfer an 
interrupt request with all interrupt levels indicated when the VAXBI bus is available. Because only 
the INTR Sent bit of the highest pending level is set, the BIIC will arbitrate for the VAXBI bus again 
to send the remaining levels of the pending interrupts. The BIIC transmits the INTR command 
without interrupt levels if the interrupt condition is removed and the user’s interface deasserts BCI 
INT <7:4> one or two cycles before the arbitration cycle has occurred. 


Slave nodes capable of receiving interrupts should set the appropriate interrupt pending bit or its 
equivalent to record the interrupt level received. This information is transferred in the level field on 
the BCI D< 19:16> lines during the identification command/address cycle. When the interrupt 
command is not successfully received, the BIIC sets the INTRAB and INTRC bits in the user 
interrupt control and status register at the levels received during the interrupt command. The 
INTRC bit prevents additional interrupts at that level from being transferred. Therefore this bit 
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must be cleared and reset by a node to again initiate an interrupt request. The INTRC and INTRAB 
bits can be cleared by performing a write transaction to the interrupt control register. 


The node that receives the interrupt request issues an IDENT command to obtain the vector 
information from the node that initiates the interrupt. The IDENT command is initiated by the 
master-port interface to request a VAXBI transaction. The identification level information 
consisting of only one level bit is provided by the user’s interface for transfer during the IDENT 
command cycle. 


- Allslaves with interrupt requests pending at nee same ientifeation level will p participate in IDENT 
commands by verifing that the decoded master ID transferred during the third cycle is the same as 
the bit set in their interrupt destination register. When both condition exist, the node participates 
in the identification arbitration. User’s interface data from the slave port is not required unless the 
external vector bit of the user interface interrupt control register is set. The BIIC can transfer an 
external vector selected event code (EVS7 through EVS4) during the identification arbitration 
cycle if required. The event arbitration lost (IAL) event code causes the slave-port interface to 
return to the idle state. The use of this code is shown in Figure 43. Nodes that use external vectors 
must stall the vector transfer for a minimum of one cycle. 





VAXBI ACTIVITY 
CYCLE | 1 2 | 3 4 ee eee ee | 7 | 8 
| IDECODED| 7 | | 
| | MASTER | IDENT | STALL | ACK | 
C/A IA ID | ARB | VECTOR VECTOR | 
BI BSY 
SOURCE 
~ BENO ARB 
| SOURCE M3 | M3 | M3,S1, | M3,S1, 
BI CNF Code | STALL ACK ACK ACK. | 


SOURCE | | | Sl S1 M3 M3 


BCI ACTIVITY 


S1—Slave that wins IDENT ARB | 4 | | 
SLAVEBCIRS <itds, <NOACK><NOACK><NOACK><STALL><ACK><NOACK><NOACK><NOACK> 


EVSn | AKRNEn 





$2—Slave that loses IDENT ARB . | 
SLAVE BCI RS <1:0>" <NOACK>< NOACK>< NOACK><STALL><STALL><NOACK ><NOACK> 


EV<4:0>L EVSn | 7 IAL 


S2 slave port 
interface 
returns to 

an idle state 


Figure 43 « VAXBI 78732 Identification Transaction Event Code Timing 
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aie the rage may eguet one same vector i in nsbeequet identifi ication transactions. 


Figure 44 shows the interaction of the BIIC and the user’s interface to the INTR transaction. Refer 


. nce Sa 
to the VAXBI System Reference Manual for detailed transaction “ 


ormation. 
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USER INTERFACE 
REQUESTS AN INTR 
BY SETTING 3 
INTR FORCE BIT 


NODE 1] 





NODE 1 
























USER INTERFACE — | 
| REQUESTS AN INTR BY. 
| ASSERTING AN _ 

| INTERRUPT SIGNAL 
| (INT 7:4) 


NODE 1| 








BIIC SENDS AN 
INTR AND SETS 
INTR SENT BIT 


NODE 1] 





SUCCESSFUL 
TRANSACTION 


NO BIIC SETS INTRAB BIT 


AND INTRC BIT 





NODE 1} 





SLAVE USER 
INTERFACE(S) SET 
INTERRUPT PENDING 
BITS AT THE 

INTR LEVEL(S) 


NODE 2] 


WAITS FOR IDENT 





NODE 1 


Node sending the INTR 


NODE 2 Node responding to the INTR 


Figure 44 = VAXBI 78732 BIIC and User’s Interface INTR Sequence Flow Diagram 


Identification Sequence 


Figure 45 shows the interaction of the BIIC and the user’s interface to the IDENT transaction. 
Refer to the VAXBI System Reference Manual for detailed transaction information. 
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SENDS IDENT. 
USER INTERFACE _ 
RESETS INTERRUPT 
PENDING BIT 
AT THE IDENT 
LEVEL. 













NODE 2. 













PARTICIPATE ~ 
IN IDENT 
ARBITRATION 





NO! WAIT FOR NEXT IDENT | 


NODE 1] 





| INTR SENT BIT 


| BIC RESETS | 
AT THE IDENT LEVEL | 






NODE 4| 





NODE 1 
WINS IDENT — 
ARBITRATION 








~INTR REQUEST 
_ STILL ACTIVE 


- TRANSMITS VECTOR | | 
(EITHER INTERNAL . 
OR EXTERNAL) 


NODE 1] 


>NO—- stop 


YES . 






SUCCESSFUL 
TRANSACTION 





AYES 





BIIC SETS INTRC BIT. 


NODE 1 Node that sent the INTR 
NODE 1 NODE 2 Node responding to the INTR 








Figure 45 » VAXBI 78732 BIIC and User's Interface IDEN T Sequence Flow Diagram 
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Interprocessor Interrupt Transaction 7 

Interprocessor interrupt (IPINTR) transactions can be initiated by the master-port dlface by 
requesting a VAXBI transaction and issuing an IPINTR command in response to the assertion of the 
BCI MDE line. The user’s interface must then provide the decoded ID of its own node and the 
destination mask. 


The IPINTR transaction are also initited by the BIIC when the user’s ieee sets ie IPINTR/ 
STOP force-bit in the BCI control and status register using the destination mask from the IPINTR 
destination register. The force bit is cleared by the BIIC after the transaction has been completed. If 
the transmission fails, the NICIPS event. code i is transferred and the NMR bit of the bus error 
register is set. 


A node is selected when an identification match occurs between the dcesded master ID and the 
corresponding bit is set in the IPINTR mask register and between the nodes decoded ID and the 
corresponding bit in the IPINTR destination field. A slave node that is selected will set the bit that 
corresponds to the decoded ID of the master in the IPINTR soutce register. 


Broadcast Transactions 

Broadcast (BRCST) transactions are reserved for use by Digital Equipment Coisotaticn The BIIC 
responds to these transactions similar to read-type transactions. However, the stall and retry 
confirmations are not valid for this multiresponder transaction. The stall code can be transferred 
on the response BCI RS < 1:0> lines to extend the time of the transaction by keeping the BCI BSY 
line asserted. The stall code produces an acknowledge on the BI CNF <2:0> lines during cycles 
where an acknowledge confirmation from a slave node is on the VAXBI bus. The BI BSY line is 
asserted during all cycles. If the stall code remains after the last confirmation cycle, 4 no ‘information 
remains on the confirmation lines and the BI BSY line remains asserted. 


Stop Transaction 

The STOP command is initiated by the master-port interface. The user’s interface provides the 
destination mask and STOP command code to be transferred during the command/address cycle. A 
slave is selected when the ID decoded by the slave matches the destination information of the 
- INTR destination register. The slave-port interface provides the command confirmation on the 
BCI RS < 1:0> response lines and the slave is initialized. : 


Invalidate Transaction 

Invalidate (INVAL) commands are initiated by a master-port interface. When the BCI MDE line is 
asserted, the user’s interface provides an address and data length code that indicates the number of 
longwords to be invalidated. Slaves that have the INVALEN bit set in the BCI control and status 
register are selected for this transaction. , 


Reserved Commands 

Reserved commands are recognized by the BIIC as three cycle VAXBI transactions consisting of a 
command/address cycle that contains user’s interface data, an embedded arbitration cycle, and a 
data cycle in which the data lines are deasserted. The master requires an MCP, NCRMC, or ICRMC 
acknowledge event code from the slave. A slave can respond to a reserved code of (HLHL) or 
(HLHH) on lines BCI 1<3:0> if* the reserved enable (RESEN) bit is set in BCI control and status 
register. The slave responses to the reserved commands can be an acknowledge, no acknowledge or 
stall on the BCI RS < 1:0> lines. The event codes used are bus busy error (BBE) and stall timeout 
on slave transaction (STO). 
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The } BIIC recbgtilizes more than one sending request. A VAXBI transaction request, an error 
interrupt request, an interprocessor request, and a user’s interface interrupt request may be 
pending simultaneously. The priority for processing multiple requests is listed in Table 43. 


| 


Table 43 » VAXBI 78732 Transaction Request abit ssignments 





Priority Request 

Level : 

1 Loopback from master-port interface 

2 Interrupts (INTR) controlled by error interrupt control regis ler 

3 Interrupts (INTR) from user’s interface interrupt control register or BCI INT line (level 7) 
4 Interrupts (INTR) from user’s interface interrupt control regi steror BCI INT line (level 6) 
5 Interrupts (INTR) from user’s interface interrupt control register or BCI INT line (level 5) 
6 Interrupts (INTR) from user’s interface interrupt control register or BCTINT line (level 4) 
7 VAXBI transaction from the master-port interface = 

8 Interprocessor i interrupts (IPINTR) from the BCI contin! and. status register. 
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Figure 46 shows the types of requests and the timing relationship between the posting of the 
request and the priority assignment by the BIIC. The BIIC examines the request and establishes its 
priority during the prioritization cycle. 


PRIORITIZATION ARBITRATION 
CYCLE ‘| - CYCLE 


FORCE BIT 





SET 
EINTRCSR OR 
UINTRCSR 
FORCE BIT 
SET 
BIIC PRIORITIZES 
REQUESTS 
| INT LINE 
ASSERTED 
LOOPBACK i) 
REQUEST | | 
VAXBI TRANSACTION 
REQUEST (2) 
NOTES: 


1. Loopback transactions have a dummy ARB cycle at this point. 


2. If the VAXBI transaction request is posted while other types of requests are present, the BIIC 
prioritizes the VAXBI transaction request along with the other requests during the prioritization cycle. 
However, if no other types of requests are present, the BIIC attempts to arbitrate in the next cycle. 


Figure 46 = VAXBI 78732 BIIC Transaction Priority Sequence 


When no requests are pending, the BIIC arbitrates the VAXBI transaction request in the cycle that 
follows the request to minimize the bus latency time. If a VAXBI transaction request is posted while 
other requests are present, the VAXBI transaction is assigned priority together with the other 
requests during the prioritization cycle. 


- Transaction Timing Sequences 


Figures 47 through 74 are functional diagrams that show the timing sequence of the signals used to 
perform VAXBI interface transactions. The signals that communicate with the VAXBI bus are 
prefixed with a BI designation and signals that communicate with the user’s interface are prefixed 
with a BCI designation. Table 44 lists the figure numbers and captions that includes notes that 
define the transaction operation. 


4-92 Confidential and Proprietary 








48 


49 


a2 
59 
62 


66 


67 


69 





Table 44 . VAXBI 78732 Functional Timing Diagram Descriptions 


Title 

Loopback longword 
read-type 
Loopback longword 
read- ee with Stall 


Gaalwand aoe 
with pipeline request 


- Force-bit requested — 


interrupt — 


Force-bit requested 7 i 


interprocessor interrupt 


Stop 


Stop with extension 


Burst-mode write 
operations with pipeline 
request 


Condition _ 
To BIIC CSR space with an idle bus and with BICSREN set. 


~ Occurs within node on top of a longword read with a stalled 


VAXBI transaction between master-port interface and node 1 


and the slave-port interface and node 2. 


Master quadword read to same slave node. 


: An INTR transaction initiated by a force bit in the 
UINTRCSR. | 


An IPINTR transaction initiated ib a force bit in the 


UINTRCSR. 


“Indicates the results of one allowable response to a STOP 


command. Although BIIC 2 wins the imbedded ARB in cycle 
5, it asserts BI NO ARB in in cycle 6 because of the STOP 


~ command. Tf user 2 holds BCI REQ asserted, BIIC 2 would 
arbitrate in cycle 7 and continue the transaction. 


Slveaan interface i initiates a stall response to assert BI BSY 


signal while node completes Stop operation. 


Begins at first arbitration cycle won by this node after the 
BURSTEN bit of BCICSR was set by previous transaction. A _ 
quadword write is followed by a longword write to the 


_BCICSR to clear BURSTEN bit. 





70 


71 


72 


Burst mode writes with 
pipeline request and 
PNXTEN bit set 


Special case 1 


Special case 2 
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BCI CLE is asserted in a 1 a cycle following ; cycle with 
BI NO ARB asserted and BI BSY deasserted and until T, of 
the command /address cycle. 


1. Master 1 wins arbitration and initiates a quadword WMCI 
transaction to slave. 


2. Master 2 requests the bus, arbitrated in the embedded 
arbitration cycle, and becomes the pending master. 

3. BIIC 2 receives command/address data from master 2 
during the embedded arbitration cycle to avoid BCI bus 
contention. 

4. Master 2 performs a longword WMCI intranode transfer to 
an internal register in slave 2 (intranode transfer). 


Master 1 initiates a longword read-type transaction to its slave 
port interface (slave 2) 
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Figure Title == Condition z, 


73 Special case 3 1. Master 1 and master 2 arbitrate in cycle 3. 


2. Master 1 wins the arbitration and initiates a quadword 
WMCI transaction to slave 2. 


3. Master 2 arbitrates again in the embedded arbitration cycle 
of master 1 and becomes the pending master. 

4. BIIC 2 receives the command/address data from master 2 

during the embedded arbitration cycle to avoid BCI bus 

contention. 

5. Master 2 performs a longword WMCI intranode transfer to 

an internal register in slave 2. | 


74 Special case 4 | 1. Master 2 wins the arbitration and initiates a quadword 
| read-type transaction to slave 1. 
2. Master 1 requests the bus, arbitrates during j its embedded 
| arbitration cycle becomes the pending master. 


3. BIIC 1 cannot receive the command/address data data during 
the embedded arbitration cycle and waits until BCI SDE is 
deasserted in cycle 7 before asserting BCI MDE. 


4. Master 1 performs. a quadword read-type_ ‘transaction to 
slave 3. 


Table 45 lists the abbreviations used on the functional timing diagrams except for the event code 
abbreviations. The numbers that follow eraenaren M, S, USER, and BIIC are node identifica- 
tions (ID). | | 


4-94 Confidential and Proprietary 


nso ni EaNNE;HERz URN NHNeNNESOeoU Seize UDO ome Oe A SR PPR HDHD TENA EN EF ee TERT I ON IER BSE NU OD IRS ONE EE SE SURE 





VAXBI 78732 








AAN : alla Gabieating nodes 

AAS. arbitrating slaves - 

ACK acknowledge confirmation bode 

ADR address including data length field 2. ret 
ARP | ABR pattern (decoded ID from al abitating node) 





CMD _ command 





DA1 data word 1 
DMI decoded master ID 





DsI ° decoded slave ID on lines D: <31: i6> from a arbit zs . at 


=e nodes ~ 











IDD  —_—master ID ares code 
ILV identify level(s) on lines D< 19:16> 
INTRREQ _ interrupt request - : 





LBREQ. _loopback request 

LCD _ level and destination code | 

M - masternode — 

MID master ID 
MK1 write mask 1— 
NAK no acknowledge eT = 
REC retry confirmation received for master-port command 
RESis sgevetesen reserved r 

RET retry es eraaion ae 

S slave node | 
“STA stall confirmation code 

STS read statuscode 

USER —_uset’s interface 











UDF undefined data 
VAXBIREQ  VAXBI request 
VEC identify vector 
VST identify vector status 


WS winning slave 


*item* the potential occurrence of an item that is not shown on the diagram 
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amade faror garg. apararcrararan Tarargnt Agrarer farerer ermray | Gharart Saran | are | 
REFERENCE __|1]2] 3] 4}3}2}3] 42] 2}3}4}3} 2] 3} 4} }2}3) {2 ]2}3}4}3} 2] 3] 4}1}2} 3] 4]1]2}3} 4} 1] 2]3}4}1}2}3] 4] ]2}3} 413] 2]3}4}1}2] 3] 4 


ecu TMC HHAUAHAVUULUI HNN Ta UU HUEY HUH ee Ta TU 
BC] PHASE L” eine 1 | LPL Tq 
BI NO ARB L 


BI BSY L 
source 





Re Ee ae i et EN A aE te SE a ee a A 










BI D¢31:00) LT ~~ (\__arp |X__adr_ Xo. x, Yay TT Tt 


source 
BI 1<3:0) L 
source 
BI CNF(2:0) L 
source | : | 
ee MASTER te 11) (2 | io} fad} 4224 - 
BCI D¢31:00) § | | Ca | en eee | | 
source | } user ij | | | : | ae 
Bc <3:0) HH] | | ai )--~(c (é yemnSfirm——-\ | | ee es 
source | usefl bile) bifel bifel bilel =| | 
aoe rn oq 7 -) eae ner ed ae eS 


BCI INT(7:4) Sane ioe Ideas breeg SCORE MeO IN ss SIG PE SRS RAUNT MINES MERE a 





BCI RAK L 
BCI NXT L 


ee En ne ER RE A a El ae" NE AE: A i: EN RO EN Aa: NER ID a I ER: ER isn MS SN Ee a ee en cee cuch, shemuactemeachemtinlaah chumhenhuntemtunemmes comumadmabemenionh 
' j : 


‘ee ee ae a Se 


ewe er ee Pe es 
PR a alee ey eee dee yy 


BC] £V<4:0) L| 


esi te ft 1 [21 iat de ts 
BCI 0(31:00> B | | | /---(abir)-Cxxd >-C da ae 





source ~~ PT bife2 uset2  uset2 a aaa Sire Ge tae On ay eae 
pcr caso H| | ft pce st | EE 
source =| | | | bifc2 use! et? | | | 
pel ascot] tt OC*dYSSC« aN 
BCI CLE H oe a Cee oe Se ey RE! Ee, Oe ee ee sae 
BCL SDE L | ae & ES an aan: aaa ara Gaara ae 
Gash. pe eh ie, pee ee ee ee ae, ie re, 
eee fT, tee pe 


BCT EV¢4:0) L 


Figure 47 = VAXBI 78732 Longword Read-type (Stall) Transaction Timing Sequence 
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REFERENCE J1}2]3}411{2 hah 
pct TOME ‘iwi | 


set nce of] ! ke 











BINOARBL | 
source 

BI BSY L 
source 

BI D¢(31:00) L| 
seurce 

BI13309L | 
source | 

BI CNF(2:6) L| 
source 

tk MASTER tk 11 | 

BCI D¢31:00) & 
source 

BCI 1¢3:0) H| 
source 


BCT RQd:0) LT VT loopbat 


, : F j 
4 ne a: es a a RD “tS A En: Rt a 


BCI INT<7:4) f ==-==-4 
BCL AKL | 
BCI XT L 
BCI MDE L ” 
BCI MAB L. 
BCT £VC420) LT 


tek SLAVE tk V1 | 
BCI D<31:00) B 
BCI 1<3:0) H | 
source 
BCI RS<1:0) L! 
BCI CLE H 
BCI SDE LY 
BI SELL fC! 


ech ckeakadurhetuabedens dunlentudestackertanl wkd th ea it ne: et a a ee a hn ee 
} y * ae, q te ae ve | 4 Be eat 


BCI SC<2:0) Ly 


pel eazy it | |. |S ee oes Os Te 


Figure 48 « VAXBI 78732 Loopback Longword Read-type Transaction Timing Sequence 
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re rly +44, ae th A alt Rig ! 13 


BC] PHASE L juni | i | ee ‘| t t eee hel “Lf “| i‘ 





~ BI NO ARBL | N ! ed ah 7 - 

source al , aan} $2,023 | m3 | $3 | : 

BI BSY L . eR eee 2-4 es een SPN SO a aN le te EP eile ata sence cn vam dp an ax eric on eind 
en pom | Baal a “st 

BI D¢31:00) L adr IX” arp. a “udf_]X” dal _ 7 Se ne Coe ~----}----—- 

BE 1(3:0)> L | } Ik Ti Ya xsl TTT 
source “al $2 $2 | | : | 

ee WT sta ack [x ack IX ack 7 a 


semorense tot dz (31 far ist der iz fet jot fou fare 





BCI D<31 00) 1 ak ~~ (abit) Cad”) Cdal_)---<abi>-——\_ | 
source | useq3 — bijeS usef3 usep3 bifed | 

BCI 1<3:0) H | /-C om )--~cdd-Cudf -Cst] sD ft 
source user3 = bi 03 useta usey3 = bife3 | | | 

Ber rad:o> ti CT SCS*dT:SSSCN copa irene Coy ee eee Pe 


BCI INT(7:4) | a 1 7 ae Se Ss Se ts Se SS Sr Secs sees 


BCI RAK LT 


BCI NXT LL” paar (aaa pices ‘eas ieaaaias maces aes ec ke 
BC] MDE LL” Nis ae Oe eo ece ee e ers 
BCI MAB L rn gy eT ae ia 


BCI EV<4:0) L | | 
ip: jer i7t fer fod fron fart 
| /-(_adt_)-~-(alir)-(_udf_>-( dal )---(dpl)—--\_| 
[  uset3 bifcd usefd usetd bile? 
| /-C cm ~<a Cad (78th D--- SEDI =—-\_ 
user3 = bijc3 us <i uset3 = bijc3 


\stay \abk/ 


kk SLAVE tk 


BCI D¢31:00) & 
source =| 
BCI 1<3:0) H | 
source 
BCI RS<1:0) L| 


a | j 
Rs is eM a a Rs WN SM le ME: se a tN A A 


BCI CLE H ee cee 7 wen Fendt 
BCI SDEL ge ee a ae 

BCI SEL L Pane — aes laa 7.4 oe Scaeiai Sta 
BCI sc(2:0) L| aes ae | Ss Sate) TeSStRIREREEEn TaIRIEIRIERSTER TEREREERERETER TERERERERORI TERERERRRSE GERRE 


i sn ns te 8 se: SR nip le ls a 5 ae a ee fs a: a cm is lt. sc: Es a hl 


BCI eae | | | | | | | | Lacy akrsd 


Figure 49 « Loopback Longword Read-type (Stall) Transaction Timing Sequence 
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BI NO ARB L 
ss Source 
BI BSY L 
source 
BI D¢31:00) L 
| source 
BI 1¢3:0) L 
source | 
BI ONF(230) L] 
source 
tk MASTER #4.]10 1 | 
BCI 0<31:00) f 
source 
‘BCI 13:0) H 
source 
BC] RQW1:0) L| 





BCI INT(734) { --- 


BCI RAK L 

BCI NXT L 
BCIMOEL [| 
BCI MABL 
BC] EV<4:0) L 


tk SLAVE tk | 


BCI D<31:00) & 
source 


BCI 1¢3:0) H 
source 
BCI RS(1:0) LT 
BCI CLE HH _ 
BCI SOEL 

BCI SEL L 
BCI $C(230) L] 


es i i ae: 


3 f. a : 
i | a | : i i bs 
tn | alae NS A NE A a: a ae A 8 ls Sk th a a gs | ee a ce A a a C leeatimiemtenamentonels sduaaienbenbendeneh fe is: ea A a A ne A i ls om: 
j 1 | : 1 | : 


BCI EV<4:0)- L} 


Figure 50 « VAXBI 78732 Retry Longword Read-type (Stall) Transaction Timing Sequence 
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BI ¢31:00) i] [\ccarp |x” adr |X” arp [X” dal |X” daa |/ 
source | aan | $2 s2 | 
BI 1(3:0) 1 RES end [xd Xt) 7 
source | | ! | 682 fl 82 
BI ONF(2:0) L 
source | 
#EMASTER He 110) 12 1/3) st jor ize jet 
BCI D¢31200) B | |_/~«_adt_)---agr)—-<atp)---(dpi ---<dh2)—--\ 
source | =| } useyl bijel = bijct bifel bi cl a 
BC 13:0) Hf | Py (Ghdd=—~ Gal dd---(SH1>-—-<5f2)---\_| 
source | bi cl bilel bifel bifet - | 
BCI RQ¢1:0) L| “7 | rep ie ee ae ae 






t< sty 





se si se Ce ” Ae ca 8 a5 ee ote 


BC] INT«7:4) ¢ ~=----4----- af] deassfr ted --t-------f----—--t es Ss Sa: SS Sea aaa Sane 


BC] RAK L 


BC] NXT L : Tobie SiS ee aes = ft aces eae ae on tn ma 
BCIMDEL [| Pe. Wr ee oe aeceeenenne inaimnea a eaanwe aaa 
BCI MAB L = por ana---}-------} ------= 


> 7 +k : i 


kk SLAVE ae | 
BCI D<31:00> & 


source =} | e : | bijc2 us j2 u 2 na ea 
BCT 14320) HY : Lr SO-C-CY 
source ; . — «bite2 2 uset2 i | = : 
BCI RS<1:0) L] ET aan Sean: Saree Onna mene 
BCI CLE H | | | : : 
poner | - | one Eran 
BCI SEL L cs We aes See cry aa ae — 
Ee er rr rs OC hy a . ——}-—-—- --4- 


BCI EV<4:0) L | | | | _akrsd 


Figure 51 = VAXBI 78732 Quadword Read-type Transaction Timing Sequence 
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BC! PHASE L {I 
BI NOARBL | 
«Source 
BI BSY L 
source 


BI D<31:00) L 
source 


BI 1<3s0) Lb | 
source 


BI CNF{2:0). LI 
source | 


BCI D<31:00> § 
source 


BCI 13:0) H 
source 


BCI RQd:0) Lf 
BCI INT(7:4) { ----— 
‘eer RaKL Of 
BC] NXT L 
BCI MDE L 
BCI MAB L 

BCI £V44:0) L a | 


es i et tl . : . i omy ? ee eT 6 
{ . : | | 1 


wk SLAVE tk 11 | 


BCI D<31:00) 8 
“source =| 


BC] 14330) H| 
source | 


BCI RS<1:0) L| 
BCI CLEH | 

BCI SDE L 

BC] SELL | 

BCI sc¢2:0) [| = 


fot fad faze 
agr)-( dal )-( dag )---\_| 
. wef? us sof? 


«f° | i fo | | 
es ane mm ae 4 I EN a he A ee ee mem 1 Nit ate oe le | S Laeshemmteanidianih, luueabembantaamesltanidh dianmbaninaailesdmadaedal sluniaiathuaitenihesal S inleieadineaaeaiaaduieal A 00m sa 0 A I A A le a Aa an te ; eit ine: i ak Al an Re ea a i A: 


BC Evan ——— fe \akrsd | es ir 


Figure 52 « VAXBI 78732 Quadword Read-type (Pipeline request) Transaction Timing Sequence 
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iis sie . eA td 1 13, ,,! 
REFERENCE __]1)2)3}4]1}2)3] He RRR RR AR Fev Rien Revi RETR RTA PRR RR 






BY b¢3t:00) L[ bX ade [XT varp [x7 dal [x dad [x adr XT arp 1X dal [Xda 7 
source | | | | 
B1143:00L [ 
source 


aD Se a pS I : 


BI ONF(2:0) LT ze Ix” ack [X_ ack |X” ack IX” ack IX” ack |X” ack 7 
ick MASTER tt [1 | st fet is ti | 9 | |0y fad y fa2q fad) aed 
BC] o¢31:00) # | | : tp | 4 eae 
source 
BCI 1¢3:0) H 
source 


BCI RQC:0) LI 


em A ER RN RM i RS RE HERS: OC as ne NEN 


I SE ER ER Rs sn SER Ss Ee Me SA: A Ge AE es te a Ae as a A Ss een NE eS: 


BC] INT(7:4) [ — 


SA: A RE I A VE Re RR ERR a a A I 3 a a a A SR Aa 
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Figure 66 « VAXBI 78732 STOP Transaction Timing Sequence 
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Figure 67 * VAXBI 78732 STOP Transaction (Extension) Timing Sequence 
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Figure 68 « VAXBI 78732 Quadword BDCST Transaction Timing Sequence — 
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Figure 69 « VAXBI 78732 Burst-mode Write (Pipeline request) Transaction Timing Sequence 
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Figure 70» VAXBI 78732 Burst-mode Write (Pipeline request and Pipeline NXT Enable bit set) 
Transaction Timing Sequence 
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Figure 71 = VAXBI 78732 Special Case 1 Transaction Timing Sequence 
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Figure 72 » VAXBI 78732 Special Case 2 Transaction Timing Sequence 
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Figure 73 = VAXBI 78732 Special Case 3 Transaction Timing Sequence 
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Figure 74 » VAXBI 78732 Special Case 4 Transaction Timing Sequence | 
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» Application Information 


The VAXBI Systems Reference Manudlc contains detailed information of the operation of the VAXBI 
bus and application information of the BIIC. | 


Specifications 


The mechanical, electrical, and envloninedil specifications for dhe VAXBI interface are as 
follows. The test conditions for the values specified are as ‘follows unless specified otherwise. 





- Temperature range: 0°C to 125°C | 
. | Supply voltage Veo)! 4.75 Vito 5.25 V 


Mechanical Cénfigueation : : 
The mechanical dimensions for mounting the ee VAXBI interface package are : ahiown in 
Appendix E. | 


Absolute Maximum Ratings 


Stresses greater than the absolute maximum ratings may cause > permanent damage tc to a device. 
Exposure to the absolue maximum rating conditions for extended periods may adversely affect the 
reliability of the device. | 


« Pin voltages: -1.5 V to 7. 0 vo 

+ Operating junction temperature range (Tj): 0°C to 125°C 

. Storage temperature range: -5°C to 125°C | 

+ Ambient temperature operating range vet ae to 70°C 

= Package-dissipation: 4.25 W* | 

*Package dissipation is apntcaimately 0.575 watts Ae than the ees of ihe maximum ae 
current and supply voltage because of the dissipation of the VAXBI drivers that sink the external 
‘VAXBI pullup current. — 

Recent Operating Conditions 

« Supply voltage (V,,): 5.0 V +5% 

« Inlet temperature: 5°C to 50°C 

« Humidity: 10% to 95% with maximum wet bulb 32°C and minimum dew point of 2°C 

« Altitude: 0 to 2.4 kilometers 

« Airflow: 200 linear feet per minute 





de Electrical Characteristics 

Table 46 contains the dc electrical parameters for the input and outputs pins of the VAXBI interface 
chip. Unless otherwise specified, all specifications are at T,=0 to 125 degrees C and Voc = 4.75 to 
5.25) V. 
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Symbol 
BCI I, 


BCI Lp 
BCI Iu 
BCI Ioup 


BCI Ip, 


BCI Igy 


BCI Vy 


BCI Vin 


BCI Vou 
BCI Ios 


BCI Cig 
BI I, 
BI Io. 
BI Vo. 
BI Vou 


BI Viny 


VAXBI 78732 


Table 46 = VAXBI 78732 dc Input and Output Parameters. 








Parameter Min. 
Input current’ 0.33 
Input current while _ 

. BCI DC LO is asserted? — , 
Output high current 400 
(except BCT DC LO) | 
Output high current —— -5.4 
(only forBCIDCLO) ss 
Output low current 4.0 
Output low current 100 
(only for BCT DC LO | 
when Vee < Vee min.) 

Input low voltage -1.0 
Input high voltage 2.0 
(except BCI TIME) | 

BCI TIME | 2.4 

Output high voltage —-.2.7 
Output low voltage =a 
Short circuit output a 
current 
Pin capacitance — 
Input current’ -270 
Output low current 21 
Output low voltage — 
Bus voltage high 2.3 
Input high voltage 1.95 
Input high voltage 1.45 
(hysteresis voltage)’ 

Input low voltage -1.0 
Input low voltage — 
(hysteresis voltage)’ 


Max. 
0.10 


ne 


0.5 


~150 


10 
30 


0.6 
3.5 


11 
1.4 


sla} 2} glee 2 ¢ 


al e< 


<i< 


<|8)5/% 
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Test Condition 


0.2 < V,<5.25V 
O04] Ve-< 5:25 V 


Viw=2.4V 


Vout = BCI NM on 


‘Veu=BCI Vou 


Vout = BCI Vow 
Vee BCI Voy 


— 0< Ve < 4.75 V 


L=BCl lon. 
Thu = BCI lo 


Not more than one at a 


time or > 1 second 
0 < Vio < Vec 

0 < Vio < BI Vox 
VBI Vox 

Tour = BI Tor 


These are bus termina- 
tor specifications 
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VAXBI 78732 





Symbol = Parameter Ming Max. Unit ‘Test Condition 

BIC,. — Pin capacitance‘ Feet GQ pF Vio =2.5 V 

lee Power supply current — 700 mA I,.¢=0,T;= 27°C? 
= 530 mA I,,,=0,T,=85°C 


'These I, I, specifications apply only when data is not being driven by the output under test. 
*While BCI DC LO is asserted, the BCI D and P lines are internally pulled up. While pulled up, these 
lines can source a minimum of 250 pA at 2.4 V. The user interface logic must sink a minimum of 
1.0 mA at 0.5 V to drive any of these lines low when BCI DC LO is asserted... 

’The hysteresis voltage is defined as follows: BI Vyy;—The BIIC will not detect a change i in input 
state if the input voltage drops to BI Vyny following the application of BI By. BI V~—The BIIC 
will not detect a panier! in input state if the input vee rises to BI Viyy following the application 
of BI V,,. 

‘The device under test must be - powered up during me test ins BI DC DC 10 sould be asserted, 
except when measuring Cyo for BI DC LO. 

>T, is junction temperature with ambient temperature (T,) = 0°C. 


- ac Timing Specifications 
Unless otherwise specified, test conditions are at T, = =0°C to 70°C, Vec= =4, 13 V to 5.25 V, and the 
BCI signal capacitance load = 50 pF. 


Figure 75 shows the ac timing for the BIIC and Table 47 lists the timing parameters for the symbols 
on the figure. Figure 76 shows the waveforms and symbols used for the measurements of the 
VAXBI bus. Figure 77 shows the waveforms and symbols used for the measurements of the BCI 
bus. Figure 78 shows the load circuit for the VAXBI bus driver measurements. s. Figure 79 shows the 
load circuit for the BCI bus driver measurements. 
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Figure 759 VAXBI 78732 ac Timing Sequence | 
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Preliminary — VAXBI 78732 


Table 47 » VAXBI 78732 ac Timing Parameters 


Symbol Signal definition Min. Max. Unit Reference 
i TIME period! 49 1000 ~—s_ ns 
Ts TIME pulse width 15 — ons 
1. PHASE setup time to TIME 10 — ns 
T,  PHASEholdtime for TIME 10 — os 
i BCI signal rise time’ 7 — 10 ons Figure 77—C 
T; BCI signal fall time’ | a 10 ns Figure 77—C 
ce BCI signal propagation delay from TIME 
(except for BCI MDE and BCI SDE)? 0 30 ns Figure 77—A 
T,  BCID<31:00>,BCII<3:0>, and <BCIPO | 
line signal propagation delay from TIME? —sis«éO) T,+30 ns Figure 77—A 
T,s | BCI MDE and BCI SDE signal propagation _ 
delay from TIME? — 40 ns Figure 77—A 
gem BCI DC LO assertion delay from BI DC LO | 
assertion 0 150 ns 
ae BCI DC LO deassertion delay from BI DC LO 
deassertion 45 55 us 
ee BCI DC LO assertion width following the | 
setting of the NRST bit 45 55 sus 
s 1 BCI D<31:00> and BCII<3:0> line setup 
time with BIIC configured for BIIC-generated 
parity 20 — ns Figure 77—B 
ie BCI signal setup time with BIIC configured for 
user interface to supply parity 0 — ns Figure 77—B 
Ty BCI signal hold time from TIME 15 — ns Figure 77—B 
es BCI D<31:00> and BCI I1<3:0> release 
time from TIME 0 40 ns 
ee BCI D<31:00> and BCI I<3:0> release 
time to BC] MDE or BCI SDE assertion 0 _ ns 
Tam BCISDE (BCI MDE) deassertion setup time to 
BCI MDE (BCI SDE) assertion’ T,—15 — ns 
Ta BCI NXT, BCI MDE, and BCI SDE deassertion 
pulse width T,—10 — _ os 
Te BCI D<31:00> and BCII<3:0> hold time 
from BCI CLE and BCI NXT T,—25  — __ os 
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Symbol Signal definition Min. Max. . 
Te BCI D<31:00> and BCII<3:0> setup time | ay 

to BCI CLE and BCINXT © 12225). = ns 
Tig Minimum assertion to assertion “period for 

BCI NXT, BC E,andBCISDE‘ == = 190 men ns 
es BI signal setup time to TIME 20 — ns” Figure 76—B 
lig BI signal hold time from TIME. ™ 20— — ~~ -ns- Figure 76—B 
T, BI signal release time from TIME 0 85 ns. Figure 76—A 
fe BI signal fall time (C,= 410 pF) ~RERTY ore ooten oi — ns Figure 76—C 
'The minimum specification allows for proper BIIC napieecs in environments we up to +1.0ns 
of clock period noise jitter. 


Parameters T,, T;, T,, T,2, and T,, are for 50-pF load: The following t equations describe the 
degradation in rise and fall time and propagation delays for a BCI line with between 50 and 100 pF 
a 

T, (50 pF < C, < 100 pF)=T, (50 pF) +C/17. 8—2.8. 
. (50 pF < C, < 100 pF)= T, (50 pF) +C/17.8—2.8. 

T,: (50 pF <C, < 100 pF)=T,, (50 pF) +C/5.5—9.1. 
Tn (50 pF < C, < 100 pF)=T,, (50 pF)+CG/5.5—9.1. 

T (50 pF < C, < 100 pF)=T,, (50 pF)+C/5.5—9.1. 

wa applies only for equally loaded BCT MDE and BCI SDE signals. 

_ applies only if the loading on the BCI output is constant over time. 
‘Only one transition is allowed aries T T100 to T130 on ayy, BI — 
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BCI TIME A 1.5V 


BI PUT iS ed Vih 


BI PUT 
Vil 
Tbas 


A. VAXBI Driver Output Waveforms 


T150_ 


BCI TIME 


Rise and fall — 


BI PUT times = 20 ns 





B. VAXBI Receiver Setup and Hold Time Waveforms 





C. VAXBI Driver Minimum Fall Time Waveform 


Figure 76 = VAXBI 78732 BI Bus Voltage Waveforms 
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=Voh 


BCI PUT | bia of isv 


Vol 





Voh | : 
| | Propagation Nagy: 
-BCIPUT — eey as WE 


Vol 









BCI TIME 


Vol 
NOTE: 
BCI input signals should have rise and fall times of < 5 ns (between 0.8 and 2.0 volt points). 


B. BCI Receiver Setup and Hold Time Waveforms 


Voh 
Vih min.| Vih min. 
BCI PUT 


Vil max. | { Vil max. 


Tr} Ti 
Vol. : i Vol 


C. BCI Driver Rise and Fall Time Waveforms 


Figure 77» VAXBI 78732 BCI Bus Voltage Waveforms 
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v | To other clamp networks 
+ (3) .047 uF \ 270 ohm +5% 220 ohm +5% 
- pullup Reference 
diode bias 
BI I/O PIN resistor 
UNDER TEST (©) ® 
(BI PUT) 4 
DEVICE 
UNDER 
TEST “ 
Reference 
voltage filter 
| capacitor 
| Vbb GND Vec be | 
GEN REF REF | ia 0.1 uF 
| To other J SS A \/ D4 
BI PUTs we ius 





SO 
Dg 


*Switch S1 is closed for AC tests and open for DC tests. 


Figure 78 « VAXBI 78732 BI Bus Load Circuit 
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Preliminary VAXBI 78732 
+5.0V 
, 5 — 0.7 — Vol 
0.95K ohms = —————_——_—_ 
lol 





S1 
DEVICE 
UNDER 
TEST 


Scope probe 


BCI VO PIN ov Vo7v o7v a7 


UNDER TEST @ aon es ! NL 
(BCIPUT) | 15 pF NN > > > | 
: it Teh scope | 
| and jig) ! 





, Voh A 
6.75K ohms = ao 
tee loh 
S2 
BCI 
Signal Change $1 $2 $3 
0 to 1 OPEN CLOSED CLOSED 
1 to 0 CLOSED CLOSED CLOSED 
Z to 0 CLOSED OPEN CLOSED 
Z to 1 OPEN CLOSED CLOSED 
O0toZor1toZ CLOSED CLOSED OPEN 
NOTE: 
The SENTRY test fixture does not match this test configuration. 
Figure 79 » VAXBI 78732 BCI Bus Load Circuit 
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- Features at, 


. Ganson VAXBI bos! ‘ystem  featre a: Lote insti cost, i les ta 800- nanosecond oe access 
time, and high data integrity | 


« Supports the full range of data ais weeded fo an eifieicnt VAXBI Tnerface 38 





- DMA master ee allows data transfer “ ‘ull VAXBI speeds 





« Page overflow detection features 





= Single 5-volt supply 


- Description | 


The VAXBI 78743 BCI Adapter Interface. (BCAI) is \a-ZMOS custom integrated circuit that 
functions as a buffer file between user-designed: processors, memories, and adapter modules and 
Digital’s high-performance VAXBI (VAX bus interconnect) bus. A block diagram of the BCAI is 


shown in Figure 1. 








[Appr LaTcH}-+—— = = 
_HICLRVB “| | ie apt, | -«-BCTENA WS © 


it M<3:0> 






il MAP PGOVF 


11 DMA PGOVF 


a 
a 


MW PSEL 


i 
WS i TPBAD 


Ly paren 
| LATCH ed BOTEDE 
} | TI DMA INC ENA 
a aren at JTF RCERA . 
fos BCI PO 
" BCH<3:0> 


__ bersis—, 
ADDR LATCH] “ee 
D<31:00>—~ BCI D<31:00> 


5G BCIENASLS 
HAS 
NA<6:0> | > |  =BCIDS 


Figure 1» VAXBI 78743 BCAI Block Diagram 
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-VAXBI 78743 


The VAXBI bus is a 32-bit general purpose synchronous bus that can be effectively used in single or 
multiprocessing systems based on VAX computers, other 32-bit processors, and compatible 
devices. The VAXBI bus has a maximum length of 1.5 meters and can contain up to 16 intelligent 
nodes on as many as 36 modules with an aggregate throughput of 13.3 Mbytes per second. The 
BCAI supports the full range of data lines needed to fulfill an efficient VAXBI interface. 


The BCAI contains a dual-port register file and byte shifter that functions as a buffer file between 
the VAXBI bus interconnect interface chip (BIIC) and a local adapter bus on a VAXBI module. 
Individual registers within the register file have been customized to support the following 
functions: 


= A VAXBI master port used for high bandwidth data transfers (DMA master port) 


= A second master port used for lower bandwidth local processor access to the VAXBI maBped 
master port) , 


« A slave port used to transfer VAXBI transactions onto the local bus (slave a 


A typical VAXBI 78743 BCAI interface configuration is shown in Figure 2. The BCAI performs 
data-path operations and requires external control logic to fully implement a BCI adapter interface. 
The data path and the registers of the DMA master port are designed to allow data transfer at full 


VAXBI speeds. 
BCI | 
| CONTROL 
LOGIC 














| CONTROL BCI BUS | CONTROL 
;LOCAL 
|MICRO it BUS 
|PROCESSOR| | INTERFACE fe ————_ Uae 
iti BUS | | BUS 
AND CONTROL | _.ADDRESS 
: AND CONTROL 
| MEMORY t DATA . | DATA/ | 
| 3 BCI BUS INFORMATION. 
PATH — 


Figure 2« VAXBI 78743 Typical BCAI System Configuration 


The BCI control logic interfaces with the BIIC and is used to generate the control signals and 
addressing information on the BCI bus in realtime applications. It also decouples the local 
processor bus interface for realtime aspects of VAXBI transactions. The processor interface loads 
the BCAI interface registers as required, asserts a request signal, and is notified when the 
transaction is complete. The data path for the processor interface can be 8-, 16-, or 32-bits wide 
because of the byte alignment and masking capabilities of the BCAI. 


The data/address and control information to and from the local processor is referred to as II 
(Integrated circuit Interconnect) bus information. However, the signals from the BCAI may not be 
compatible with every specific II implementation. The II bus address and control functions can be 
implemented by a ROM-based microsequencer or by other logic interfaced to the microprocessor 


bus. 


4-136 Confidential and Proprietary 








The BCAI contains a dual-port register file consisting of 15 registers, each of which is 41-bits wide. 
The file is accessed from the II bus interface as 21 32-bit registers and from the BCI bus as 14 36-bit 
registers. The BCI bus register information is transferred on 32 data lines and 4 inf 


Associated with the II bus is a byte swapper and special address decode logic that | permits the user 
to access one to four contiguous bytes starting from any byte boundary. The registers must be 
accessed along longword boundaries from the BCI bus. The register file and byte swapper logic 
includes several address and data latches. The BCI interface port has two output latches, one for 
the master port.and one for the slave eens A awed section is is also available a sod checks parity in the 
register file. 


Figure 1 shows the functional blocks and the I/O lines of the BC 
lines (BCI RS, BCI WS, BCI MLS, and BCT SL 

the primary line into the BCAI. This simplifies external controller design by be 7 exte 
signals to generate the precise timing required. 





AI. Four of the BCI bus control 
have enable lines that gate the information from 











- Pin and Signal Definitions 


The VAXBI 78743 BCAI, contained in a 133-pin package, functions with the input a en 
signals and power and ground connections shown in Figure 3. The inputs and outputs are described 
in the following anierneb The fini are grouped Py. II bus dmterface Senals and BCI bus 


interface signals. 





14131211109 8 7 6 5 4 3 2 1 
Pp eo “o. o e© @ © © © © @ @ 1 P 
Nios “6 ae es Soa SS 
Mie ‘ Sk Jee Sw oo es 
L — ® . e e ofl 
c K ie e e ee ef K 
J}e ¢. 8. eee J 
H je | ‘ | * « efH 
_Gle ° . ¢« @ IG ‘ 
F Ee : eo: * © | F 
Ee *- e @ @T€E 
Die . ee oe @ D 
Che. - e ° ee er ee ee ee 
B PG ee oe ° . 6 ee © «6 B 
Ae oe ee ees oe e e © @¢ @e @ FA 
1413 12:11°10 9°87 65 43 2°10 
men® “(TOP VIEW) 


REFER TO TABLE 1FOR Ul BUS INTERFACE SIGNALS, POWER,AND GROUND . 
PIN ASSIGNMEN 


REFER TO Pe 4 FOR BCI BUS INTER FACE SIGNAL PIN ASSIGNMENTS. 


He “Figure 3- VAXBI 78743 Pin Assi 
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Preliminary VAXBI 78743 


II Bus Interface Signals _ : 3 EE oe 
Table: 1 is a.summary of the II bs signals fee connect de BCAI to cthe microprocessor bad 
interface. The signal functions are described in the ste that follow. Table 1 also includes the 
power and ground connections to the chip. | 


Table 1» VAXBI 78743 II Bus Interface Pin and eS PERSIA 


Pin | Signal Input/Output Definition/Function 

M2,M4,M5,M6 II1D<31: 00> input/output II Data <31:00>—Transfers | a to and 

N7,N9,N10,M10. : i i from the processor bus interface. : 

M3,P2,P4,N6, | oe gute ely : ? 

N8,M9,P12,M12, 

N2,P3,N5,P6, 

P8,P10,N11,N13, 

N3,N4,P5,P7, 

P9,P11,P13,P14 

N1,M1,L2, K2  IIP<3:0> input/output II Parity<3:0> —Parity for aT of the four 

nd de. oe bytes on lines ID<31:00>. 

L13 II DS input II Data strobe—Loads the II D< 31:00> line 
information into the BCIA. 

M14 Il OE input II Output enable—Controls the data output 

| | to the processor bus interface. 

L1J2,K1,H3 IIM<3:0> input II Mask < 3:0 >—Controls the ability to per- 
form a II processor interface operation to 
individual byte fields. 

H1,G1,F1,G2, IA<6:0> input II Address <6:0>—Controls the selection 

F2,J1,H2 of the internal registers in the register file. . 

El Tl AS | input II Address strobe—Loads the information on 
the II A<6:0> and II M<3:0> lines into 
the BCAI. 

K13 Il WS input - _ II Write strobe—Controls the write operation 
of the internal register file. 

L14 ITRS input _ II Read strobe—Controls the read operation 

ee, for the II interface port of the register file. 

Ji2 IICLRVB | input _ II Clear byte valid—Clears all master port 

| byte valid bits. 

Bl IIPSEL =~—sO imput’~=~——_ I Parity select—Selects the user supplied or 


internally generated parity indication on the 
BCI PO line during data output transfers to 
the BIIC. 
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Di2 II Parity bad—lIndicates that the parity is not 
valid during data transfers to and from the 
| | BUC. | 
J14 - JTDMAPGOVE output —_II- DMA page overflow—Indicates that the 
wee : ee DMA address register is full. 
ji3 | II MAPPGOFV output <1 Map page siete estivates rae the 
a | _MAP address register is full. 





N14 ITDMAINCENAinput Hf DMA increment enable—Allows the mas- 
| | a teenort DMA address register to be’ inere- 











M13. —Ss«TMAPINCENAinput —s:«dW Map i increment veneble-— Allows the master- 
ee ee ere ena port map address register to be incremented. 

L3,C10,A14,M11 Vee input Voltage—Power supply voltage. 

P1,C12 Ves output ‘Voltage—B ack-bias voltage. 

C4,C7,C8,F3. GND input ©. Ground—Ground reference. 

G3J3,K3,K12, , : 

K14,L12,M7,M8, 

N12 


II Data (II D<31:00> )—Bidirectional data lines that connect to a transparent input latch. The 
latch is controlled by the IT DS signal. The three-state drivers are enabled by the ITOE input. _ 


II Parity (II P< 3:0>)—Parity bits associated with each of the four bytes on the II D< 31: 00 > 
lines. Valid byte parity must be generated by the user and loaded into the BCAI on lines II P< 3:0> 
when transferring data, addresses, or command/mask/status information into the BCAI. When 
loading 4-bit command/mask/status information, the parity generated | must be for the complete 
byte, including the zeros in the unimplemented portion of the byt ¥ The BCAI also generates parity 
for data loaded into the BCAI from the BIIC and. compares the parity it generates to the BCI PO bit. 

The II PBAD line is set if an error is detected regardle : direction of data flow. The: Il parity — 
bits are latched with the II D<31:00> information by TDS S signal. and enabled by ITOE signal. 














II Data Strobe (ITD DS)—This signal controls the transparent latches for the I D <31: 00>. input 
data. The input latch i is transparent when the IDS i input. is asserted and the information i is latched 
when the signal is deasserted. 


TI Output Enable (OE :)—Controls the output op eae Ee the Il D> 31: 00> Bee I P< 3; 0> 
ha -d to the 





lines. When TOE ITOE is asserted, the c contents of the II D <31: 00 > output latct are transfe: 





state. ‘Line I IT OE has a 504A pullup circuit : SO that if nel pin is $ not connected, it aT iain 
deasserted. 


II Mask (II M< 3:0>)—Controls the ability t to pee an 1" operation to individual byte fields. 
When the selected II M<3:0> lines are deasserted, an II bus write operation for the correspond- 
ing byte field is suppressed and an II read operation returns all zeros including the parity bit. The 


“mask information is latched by: the assertion of the I Ir AS line. ‘Table 2 lists the II bus interface mask 
bit assignments. x | 
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Table 2 » VAXBI 78743 II Bus Mask Bit Assignments _ 





IiMasklines* . = ~—Valid data cos. Valid parity 
Bo gang Race co Alen Oat psa alte 

1 1 1 1 II D<31:00> «WP <3:0> 
0 0 O- 1 ID<07:;0> = PO 
On 0... 2. --O-., .. ID<IS00>.... IIP1 

oO 1 O00 TD<23:16> 11P2 

1 20 0 0 I D<31:24> — TEP3 





*All other! inca combinations that specify 
allowed. 


I Address (II A < 6:0 > )—Controls ae sae of the internal registers in the register file. Refer to 
Figure 4 for the hexadecimal address values assigned to the registers. The II A<6:2> signals pass 
through a transparent latch controlled by ITAS input and may be used ina latched or unlatched mode. 

Lines II A<6:2> are used to select the primary longword register being accessed and lines 
II A<1:0> control the byte offset multiplexers attached to the internal registers as listed in Table 3. 





y the validity of the vies on the 7 D<31:00> ieee are 


Table 3 « VAXBI 78743 Byte Offset 
I A line* Byte offset 
1 0 
L a © none 
L ve 1 





*H [high level, Laine levels 


For registers within the dual octaword buffer, the bytes that extend err the primary icf 
register are contained in the next adjacent register (A<6:2 >+1) except when II A 
<6:2> =OOI11. When the exception exists, the primary longword register is at the bottom of the 
buffer and the offset is transferred to the longword register addressed by 00000. For registers not in 
the dual octaword buffer, the bytes that are offset beyond the primary longword neater are not 
written during write operations and are returned as all zeros on read operations. =” 


II Address Strobe (II AS)—Controls the transparent lat latch for the II A<6:0>' data and mask bits 
II M<3:0>. The input latch is transparent when II AS is asserted and latched when. deasserted. 


0 Write Strobe (I WS)—Controls the writing ‘of the internal register file: The i input data from the 
transparent | latches on lines II D <31:00> is loaded into the selected register during assertion of 
the II WR strobe. The deassertion of the selected II M<3:0> lines will inhibit the write operation 
for the corresponding byte field. When accessing the DMA octaword data buffers, the byte valid bit 
for the addressed location is set when its byte i is written. 


I Read Strobe (II RS)—Controls the read operations for the II tae port of the register file. The 

tead operation is initiated when the ITRS line is asserted and the resulting output data is held in the 
II D<31:00>, output latch when the IT RS signal is deasserted. Deassertion of the selected I 
M <3:0> lines will inhibit the read operation for the corresponding byte field. 


4-140 Confidential and Proprietary 


VAXBI 78743. 





II Clear Valid Byte (II CLRVB)—This signal is used to clear all the master port Byte Valid bits 
associated with the dual octaword buffer. 


Parity Select (II PSEL)—Selects which source of parity ike sige or ihecenally generated) is 
passed to BCI PO output when data is transferred to the BIIC. A low level selects user parity and 
makes the errors within the processor bus interface or the BCAI visible to the VAXBI bus. A high 
level selects the internal parity that always provides correct parity for the data being passed to the 
BCI bus. This signal is latched by the BCI AS line. 

Il Parity Bad (a PBAD)— When set, it indicates one of two conditions: 


« When transmitting data to the BIIC, the result of the internal parity gerietation from the BCI 
D<31:00> and BCI 1<3:0> lines for this cycle do not agree with the poy bits associated 
with the 5 bytes being transmitted. | 


« When receiving data from the BIIC, ihe BCI PO line Foil the BIIC es not agree with the 
internal parity generated from the 5 Sioa being received on the BCI D< 31: 00> and BCI 
I<3:0> lines. Se eee 
II DMA Page Overflow (IDI AA PGO\ F)—Asserted to ates sae bing DMA address register has 
reached the Reyna) of a 512 pili Aer: _— 




















II DMA Inceement Enable ar DMAT ID NC ENA) —Enables the low-order 9 ie of the master port 
DMA address register to be incremented by a value of 4, 8, or 16.as specified by the length field (bits 
31:30 of the DMA address pega ae Nilbitieves the master port DMA address register is accessed by a 
BCI read operation. 
II Map Increment Enable (II MA INC ENA)—Enables the iowssidles 9 bits of the master port 
map address register to be incremented by a.value of 4, 8, or 16 as specified by the length field (bits 
31:30) of the map address register whe n the 1 master r port map address register is is accessed by a BCI 
read operation. 

BCI Bus Signals 2iiy | is 
Table 4 is a summary of the BCI bus geal that connect the BCAI to the BIIC interface. The signal 
functions are described in the paragraphs that follow. 





“Table 4 - VAXBI 78743 BCL Bus Interface Pin and Signal Soman 


Pin Signal Input/Output Definition/Function ea 

C2,D3,A1,C3,  BCID<31:00>. input/output BCI Data < 31:00> ae lines that transfer 

B2,A2,C5,B3, 3 data between the BCIA and the BIIC interface. 

A3,B4,A4,B5,_ seafhce | cee taaeenad 

A5,C6,B6,A6, 

A7,B7,B8,A8, 

— A9,B9,A10,A11, 

C9,B10,A12,B11, 

Al3, B12,C11,B13 | : 

E14,F13,D14, BCII<3:0> RE SD BCI Tafermtinn < 3: 0 > —Information hiss 

F12 | used to transfer command, mask, and status 
information between the BCAI and BIIC 
interface. 
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ao Signal nal - Input/Output Definition/Funetion 
Eis ~=———sC BC. POD Appt pHt BCI Parity—A parity acne ae the B BIIC 


when data is received and to the BIIC when 
data is transferred to the the BIIC. 




















F14 : BCI DS input —sEBCI_ Data strobe—Loads the infestation on 
» the BCI D<31:00> and BCI 1<3: o> lines 
: -intothe BCAI.. : 
D1,E3,C1,D2 BCIA<3:0> -input BCI Tike Ca the acest of the 
ee : ee a internal registers in the register file. = == 
E2 — BCIAS input. _—_— BCI Address strobe —Controls the loading of 
a a 2 ee ae the A<3:0> input information from oo 
~ BUC. | eat 
Hi2 | BCI WS input BCI Write strobe—Controls the writing or 
; es at - _ from the BIIC to the register file. - 2 ae 
H13 BCIENAWS input BCI Enable write strobe—Enables the BCIWS BCI NS 
| | input to the BCAI. | | 
H14— | BCI RS input BCI Read strobe—Controls the read opera- 
Fee ua, at ae. | _ tion of the register file fromthe BIIC. 
G14 BCIENARS _input BCI Epsble toad ciebexs @mables (ha. operat 
tion of the BCI RS signal from the BIIC.. | 
C13 : ' BCIENAMLS input “BCI Enable A master latch strobe—Enables 
: | | the operation of the BCI RS ieee input from 
the BIIC. 
B14 BCIENB MLS _ input BCI Enable B master latch strobe—Enables 
é | the operation of the BCTRS signal i input from 
the BIIC. 4 
E12 BCIMLS . input BCI Master ek fase Csncls ihe opera- 
| SEN tion of the transparent output register. _ 
C14 - BCISLS © input ~ BCI Slave latch strobe—Controls the transfer 


of information on the BCI D<31:00> and 
BCII<3:0> lines tothe BIIC. | 


D13 BCIENASLS input BCI Enable slave latch strobe—Enables the 
operation of the BCI SLS input from the BIIC. 

G12 BCI MDE input BCI Master data enable—Controls the slave 
output data from the BCAI to the BIIC: | 

G3. -BCISDE input BCI Slave data enable—Controls the transfer 


of the slave data from the BCAI to the BIIC. | 
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BCI Data (BCI D< 31:00>)—Bidirectional data lines with a transparent input latch and two 
output latches. The input latch is controlled by the BCT DS line. The transmitters for the, output 
latches are-controlled by BCI MDE for the master data output latch and by at the BCISDE i inp for 
the slave data output latch. _ 


BCI Information (BCI 1<3:0> )—These li kines are ‘sed to transfer SCMD, DCMD, pain MCMD 
commands, mask, and status information to and from the BIIC. The fines are latched and enabled 


by the same signals as the BCI D < 31:00 > lines. 


_ BCI Parity (BCI PO)—This bidirectional line receives s the vie ir for ‘mation has receiving. ree 
from the BIIC and it is compared to ‘the parity : from the internal pa ey generator. Internal parity is 
generated when the BCID <31:00> and BCII<3:0> lines.a are lat ched, When transmitting data, 
this line supplies user parity or internal parity, as selected by line II PSEL. If internal parity does not 
agree with externally supplied parity in either direction, the IT PBAD line is asserted. ‘The BCIPO | 


_ information is latched and enabled the : same as ‘the BCI D <31: 00> lines. 


BCI Data Strobe (BCI DS)—Controls the tr tra: al nspare arent input latch for BCI D<31:00>, BCI: IL < 3: O>, 
and BCI PO input data. The input latch is transparent when BCIDS is asserted and the information 
is latched when it is deasserted. 


BCL Address (BCI A <3:0>)—Controls the selection of the internal register file registers. The 





















BCIA<3:0> lines transfer through a eagle latch controlled — the B signal and r ed be 
used in a latched or unlatched mode. geey PE I? : 
BCI Address Strobe (BCI AS)—Controls the transparent latch for BCI A<3:0> input ati and for 





Il PSEL input. ‘The latch i is tg aoe when BCI Si is Sassen feet send the information i is latched 
when it is deasserted. sa aad 

BCI Write Strobe (BCI WS)—Controls BCI bus write operations to the internal register file. The 
input data BCI D< 31:00> from the input latch is loaded into the selected BCAI register during 
assertion of this signal. 

BCI Enable Write Strobe (BCI ENA WS)—Gates the BCI WS level into the BCAI. 

BCI Read Strobe (BCI RS)—Controls BCI bus read operations of the internal register file. The 
operation is initiated when BCI RS is asserted and the resulting data is held in an internal register 
upon the deassertion of BCI RS. The byte valid bits for the addressed register are reset when a byte 
within the DMA data buffer is read. The BCI ENA RS signal must be asserted or this line will be 
disabled. 

BCI Enable Read Strobe (BCI ENA RS)—Gates the BCI RS signal into the BCAI. 

BCI Master Latch Strobe (BCI MLS)—Controls the transparent output register for BCI D < 31:00 > 
and BCI 1<3:0> master output data. The latch is transparent when BCI MSL is asserted and the 
information is latched when it is deasserted. Either the BCI ENA MSL or BCI ENB MLS signal 
must be asserted or this line will be disabled. 
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BCI Enable A Master Latch Strobe (BCI ENA ML S)—Gates the BCI MLS signal into the BCAI. 
BCI Enable B Master Latch (BCI ENB MLS)—Same function as the BCI MLS MLS signal. 

BCI Slave Latch Strobe (BCI SLS)—Controls the transparent output latch for BCI D < 31:00 > 
and BCI I< 3:0> slave output data. The latch is transparent when the BCI SLS is asserted and the 


information is latched when it is deasserted. The BCI ENA SLS signal must be asserted or this line 
is disabled. 


BCI Enable Slave Latch Strobe (BCI ENA SLS)—Gates the BCI SLS signal into the BCAI. 


BCI Master Data Enable (BCI MDE)—Controls the transfer of the data in the master output latch 
to the BCI D < 31:00 > and BCI1<3:0> lines. This signal has an internal 50 pA pullup device so 
that the BCI D<31:00> and BCI I<3: 0> lines remain a high impedance when the BCI MDE 
input is not connected. 


BCI Slave Data Enable (BCI ECISDE)—Controls te transfer of the data in the date output latch to 
the BCI D< 31:00> and BCII< 3:0> lines. This signal has an internal 50 pA pullup device so that 
the BCI D<31:00> and BCI1<3:0> lines remain a high impedance when the BCI SDE SDE input is 
not connected. 








- General Register Addressing 


Figures 5 shows the memory map configuration and information of the BCAI registers when 
accessed by the BCI bus interface. Figure 6 show register memory map configuration and 
information of the BCAI registers accessed from the BCI bus interface. The hexadecimal address. 
assignments and read/write capablities of each register are listed in the figures. 
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I A<6:0> | il D<31:00> | 
Soghe 23 16 15 0807 00 


MASTER PORT A DMA DATA 0: ~~ 
MASTER PORT A DMA DATA. 1 


MASTER PORT A DMA DATA 2. - 





MASTER PORT.A DMA.DATA 3 





$$$. — DATA 
MASTER PORTBDMADATAQ Mee SRCNe 
MASTER PORT-B DMA-DATA 1 


-MASTER PORT B DMA DATA 2 


- MASTER PORT B DMA DATA 3- 





MASTER PORTDMAADDRESS tS 





R= READ ONLY. 
R/W= READ/WRITE 


Figure 4» VAXBI 78743 II Bus Interface Register Memory Map 
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BCI A<3:0> 


| | “BCI D<31:00> Cate | | 
31 24 23 1615 0807. 00 


BCI 1<3:0> 


— 


MASTER PORT A DMA DATAO - 





MASTER PORT A DMA DATA 1 
MASTER PORT A DMA DATA 2 
MASTER PORT A DMA DATA 3 


MASTER PORT B DMA DATA0O. 


Oa-D OTrpPc mIi<oD 


MASTER PORT B DMA DATA 1 
MASTER PORT B DMA DATA 2 
MASTER PORT B DMA DATA 3 
MASTER PORT DMA ADDRESS 
MASTER PORT MAP DATA 
MASTER PORT MAP ADDRESS 
SLAVE PORT DATA 1 
SLAVE PORT DATA 2 


SLAVE PORT ADDRESS 





R= READ ONLY 
R/W= READ OR WRITE 


Figure 5 « VAXBI 78743 BCI Bus Interface Read Transaction Timing 


The registers within the file are grouped according to their supporting function. Support for the 
DMA port consists of a two.octaword DMA transaction buffer, a command/addtess register with 
increment capability, and a next page frame (NPF) register. Support for the mapped master port 
consists of a command/address register with increment capability and a single longword data 
register with a mask/status register. Support for the slave port consists of a command/address 
register and two longword data registers, each with a mask/status register. A more detailed 
functional description of the registers is described. 
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enorme tenga 





The master pabirg of the BCAL i is nent for II bus-initiated cransiens to the VAXBI bus. The BCAI 
provides registers for two master ports—a high-speed DMA master port that is optimized for block 
transfers and a map. master port. This allows a local processor to perform longword accesses to the 
VAXBI bus in the middle of a block DMA transaction without requiring the state of the previous 
transaction to be saved, The main difference between the two master ports is the size of their data 
buffers. The DMA master port has two octaword buffers andthe map master port has a single 
longword data register. Both master ports have a command/address register with autoincrement 
capability and page-cross detection. The DMA master ‘Port includes « a next ct page frame 1 register that 
holds the map for the next page. 


Master Port A and B DMA Data Regis ft’ The DMA data: butbasies consists - eight conti 
addressed longwords of read/write memory organized . as two. octaword buffers, A and B. These 
buffers allow one transaction buffer to be accessed by. an II bus transaction while the other i is 
accessed by a master VAXBI bus transaction. To support all possible address alignments, the BCAI 
byte multiplexer directs an II bus transfer to any four sequential bytes in the transaction buffers. 
An overflow that occurs when reading or writing from either octaword is automatically directed to 
the first bytes of the other octaword. Therefore, the fourth longword of an unnaturally aligned 
octaword transaction can extend i into the first three bytes « of the other octaword. i 


Each DMA data buffer byte location has a corresponding valid bit. A logical 1 indicates that the 
byte is valid. All valid bits are cleared when the II CLRVB signal is asserted or. when an II bus read 
operation is performed with an address of 7F (hexadecimal). When a write operation from the II 
bus to a byte location within the DMA data buffer is performed, the corresponding valid bit for 
that location is set. When data is read by the BCI bus, the valid bits are supplied to ‘the BCI 
I <3:0> lines and can be used to support the VAXBI bus masked write commands, Typically ; a.user 
would clear the valid bits, load a peas Se an hactawond into the! DMA A data buffer, and theni initiate 

a VAXBI write mask transfer. | 


Master Port Map Data Register—This. register stores the data to be read and written for map 
master port transactions. The mask/status register associated with the data register is separately 
accessed from the II bus by bits 19:16 of the address immediately following the data register 
address. When the data register is accessed by the Be oI bus, t ne mask /sts tus seer transfers: the 
information on the BCII<3:0 > lines. — : | 


Master Port Command/Address Re sgisters—The master port DMA address register and the master 
port map address register are used | to provide the VAXBI address for the command/address cycle of 
a VAXBI master port transaction, If the I DMA INC! r 11 MAP INC ENA lines are asserted 
when the corresponding address register. is read, from ee BCI bus, ae nels 9 bits of that 
address are incremented by the size of the transaction as indicated by the length field (bits 31:30) of 
the address register. This increment feature enhances block DMA transfers because the user is not 
required to reload the address for every VAXBI bus transaction during sequential transfers. Parity 


for the two bytes affected by the i increment is automatically recalculated. 



























The access time.of the address registers is same as the other registers. ears a minimum of 500 
ns must be allowed between two BCI read operations to the address register with the increment 
feature enabled, If this time is not allowed, the present address will be read correctly, but the next 
read:operation will result.in an incorrect address; The INC ENA signal that is essentially the carry 
input to the lowest bit of the incrementer must alas. he asserted 500 ns ‘before a BCI read operation 
of the associated address ea r , | , 
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The master port DMA command and master port map command registers are us éd'to provide the 
VAXBI command for the command/address cycle of a VAXBI master port transaction: From the II 
bus, the command register is located in the longword immediately above the address register and 
the commmand information is contained in bits 19:16 of this register. For the BI bus, the command 
and address registers are at the same location. When the command/address register is read from the 
BCI bus, the command data is transferred on the BCE 1<3:0 > aoe ae cag address’ data ‘i is 
transferred on the BCI D < 31:00> lines. 


Next Page Frame Register—The DMA master port has a Next Page Frame (NPF) register that can 
be preloaded with the upper address bits for the page following the current page. When the DMA 
address register reaches a page boundary and the IT DMPGOVF signal is asserted, bits 31:09 of this 
| register are automatically transferred to the DMA address register bits 31:09. This feature can 
increase throughput during block DMA transactions. Instead of halting while waiting for a new 
map, VAXBI transactions can continue for as long as a page while the adapter controller fetches-and 
loads the next map. If an update of the NPF register occurs concurrent with the — Page 
crossing, the value loaded into the DMA address register is unpredictable. | 


The low-order 9 bits of the DMA address are not loaded from the NPF register, so ihe OWE 
PGOVF signal remains asserted until the next address increment or until an II bus write transaction 
occurs to the DMA address register or the NPF register. When loading the NPF register from the II 
bus, the low-order 9 bits are not stored. Therefore, parity for the second byte (II D < 15:08 >) must 
be calculated as if = II DO08 bit was zero. The NPF register cannot be directly accessed by the BCI 
interface. 


Slave Port Registers 
The BCAI provides a commmand/address register and two longword data tegisters with associated 
mask/status registers for the slave port. 


Slave Port Data Registers 1 and 2—Slave port data register 1 and slave port ne 2 registers are 
read/write registers used for slave read transactions and for slave write transactions. These registers, 
allow a read response code to be written into the the slave read data status register from a I bus 
device having to rewrite it following a slave write transaction. 


Slave Port Command/Address Register—The slave port command) ie registers are used to 
store the command and address data for the command/address cycle of a VAXBI bus master port 
transaction. From the II bus, the registers are addressed separately with the command register 
located in the longword immediately above the address register. The command information is 
located i in bits 19:16 of this register. From the VAXBI bus, the command and address registers reside 
in the same location. When the command/address register is written from the BCI interface, the 
command data is loaded from the BCI 1<3:0> lines and the address data i is loaded from the BCI 
D<31: 00> H lines. 


Page Boundary Detection aa 

VAX processor memory management functions 1 require that memory addresses are mapped from 
virtual to physical space on a per page basis. To facilitate the mapping process, the BCAI provides 
the IT DMA PGOVFE signal for the DMA master port and the IT AP PGOVE signal for the map master 
port. These signals indicate to the processor that an address register has incremented beyond a page 
boundary. A flag bit in each address register indicates that a carry signal was produced when an 
address increment occurred. During a BCI read operation, the IT DMA PGOVF and TI MAP PGOVI 
signals are updated with the contents of the respective carry signals when the BCI RS signal is 
asserted. Therefore, when a BCI read operation of an address register causes the address to 
increment from all ones to all zeros, the overflow bit for that register will be asserted. The 
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operation occurs to one of the registers that affect that II PG 


VAXBI 78743 


» PGOVFE bit is 
also deascered by II ae write operation to > the map Adress register: The TDMA PGOVE bit is 


deasserted by an II bus write operation to either the DMA address register or to the next page frame 


register. If a BCI interface read operation results in a page cee? at the same time = II = write 


is unpredictable. 


Parity Data Path 
All parity generated or checked by the BCAI is odd parity. A parity bit is associated with each byte 


of data in the BCAI register file, including bytes that contain command, mask, or status bits. For 


the 4-bit command, mask, or status information, the parity is calculated and supplied based on the 
complete byte that includes the four zeros above the register. Byte parity is supplied by the user on 
the II P< 3:0> during II bus read operations. Nonexistent bytes, including upper bytes of shifted 
read to nonwraparound registers and registers that are defined as zero are read as all zeros. The 
parity bits are read as ones, Therefore nonexistent bytes have good parity. 7 


During master-write or slave-read transactions that result in data transfers from the BCAI to te 
BIIC, the BCAI compares the byte parity bits from the user after the byte parity and data have been 
transferred through the BCAI, with the results of its own internal parity generator that operates on 
the BCI D<31:00> and BCI 1<3:0> lines of the register file. If the parity bits do not agree, the 
TI PBAD line is asserted. The II PSEL line selects which of the two sources of parity is passed to the 
BCI PO line. If the II PSEL line is a low level, the user supplied parity is given to the BIIC interface. 
Therefore if an error has occurred in the BCAI or in the II bus interface, the bad parity is passed to 
the VAXBI bus where it will stop the memorv write operation and the transaction. If user parity is 
not required, the II PSEL line can be connected to a high level and the parity ‘il match the d data 
transferred to the BIIC regardless of the previous parity conditions. | 


During master read and slave write transactions that transfer data from the BIIC 1 to ihe BCAI, the 
BCAI generates parity based on the incoming BCI D < 31:00 > and BCI 1<3:0> line information 
and compares the result with the BCI PO line from the BIIC. If parity is different, the IT PBAD line 
is asserted. An internal parity generator also determines the parity for each byte of data that is then 
transferred through the BCAI to the II bus interface. The byte parity is read on the II P<3:0> 
lines when the register file is read. 

The state of the II PSEL line is latched by the assertion of BCT AS signal. The IT PBAD signal is 
automatically deasserted when the BCI RS or BCI WS signal is asserted and is updated when the 
BCI RS or BCI WS signal is deasserted. 


Initialization 
All the valid bits of the BCAI are cleared by the assertion of the II CLRVB signal or by an II bus read 
operation with lines II A<6:0> = 1111111. The II bus read operation enables the microprocessor to 


perform the initialization without the use of external logic. Other states within the BCAI are 
undefined during the powerup sequence. 





If a write mask is the first DMA master-port transaction to follow the powerup sequence, the valid 
bits may have been cleared by the II CLRVB signal but the data bytes and parity bits that are not 
loaded will be undefined. The mask bits for those bytes will be zero and the BCAI and the VAXBI 
interface will still be checking their parity. To prevent erroneous parity, the correct parity should be 
entered by the user, the II CRLVB line asserted, and the transaction started at a known state. 
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- Specifications. 


The mechanical, electrical, and. aetonienel, eon for oe VAXBI setedlace a are as 
follows. The test conditions for the values staan are as follows unless specified o otherwise. — 


+ Junction temperature (T,): 0°C to 125°C © 
= Supply voltage (V,,): 4.75 V to 5.25 V 


Mechanical Configuration 
The mechanical dimensions for mounting the 133-pin VAXBI interface package are shown i in 
Appendix E. 


Absolute Maximum Ratings 


Stresses greater than the absolute maximum tatings may cause permanent dainage to a device. 


Exposure to the absolute maximum rating conditions for extended pens may oe affect 
the reliability of the device. : 


: Pin voltages: -15V t07.0V 
- Operating junction temperature range (T)): 0°C to 125°C 


» Storage temperature range: -55°C to 125° 


= Package dissipation: 3.0 watts 


Seay Operating Conditions 


« Supply voltage (Vcc): 4.75 V to 5.25 V 


: Ambient temperature operating range (T',): 0°C to 70°C — 
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dc Electrical Characteristics ee 
Table 5 contains. the: de bectrical Uaaaaceiat for thei input and sai soe iol the B BCAI interfe 








2 a VAXBI 7743 de Tag and Output Peeters 4 





Vas High-level 
input voltage 


_ ee ee NOE VRE, a FP NIE gi recreates io 
Von _ High-level. Licpe dl Tgp he mag 2:7. oe Vv 
output voltage - fi: : 





ee ee a 


ia High-level Vin=IVon..———=——400 a iA 
, output current a a ee . 








Tou Low-level V..=1 Ve Aas 4.0 _ 
output current . Sean tas cepeae nets | 

L Input current = go an +20 

i Inputcurrent = ti 8 5 
open latch' | 


pA 

pA 
pA 
mA 


Ion Enableline | BCIMDE,BCISDE, 
current II OE inputs 








50... 200. 


lop Power supply os | =, — 300 
current When toa ee oy ae re 

Ves Substrate bias Generated ~3.6 -2.4 V 
voles internally 





‘Applies to the Diving three-state iu oalelgeiny nee BCI D- <31:00>, “BCI T- < 23: 0>, BCI PO, 
IID<31:00>, and HW P<3:0>. - 

II,, applies when the following in inputs are open erated a when elosede1 BCI Ac 3: o>, IIM< 3: o> >, 
II A<6:0>, and II PSEL. 

2Not more han one output must be short circuited at a time and the duration of the short must not 
exceed 1 second. tis dat ee a, | 
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ac Electrical Characteristics 

Figure 6 shows the signal timing for.a read transaction from the BCI bus sires and Table 6 lists 
the timing parameters. Figure 7 shows the signal timing for a write transaction from the BCI bus 
interface and Table 7 lists the timing parameters. Figure 8 shows the signal timing for an address 
increment and Table 8 lists the timing parameters. The signal timing for a II bus interface read 
transaction is shown in Figure 9 and the timing parameters are listed in Table 9. Table 10 lists the 
timing parameters for a II bus interface write transaction shown in Figure 10. 


taasw > 


| be tpasst | teasnt 
tBAS1 
ae EE ee aon Oren = - 
| [*— 'BPCH 
SS oo | 
BCI MLS < BMLSW | 


tBRD | 
BCIMDE | | | 
BCI SDE 
bd F ‘BOE | eas za 


BCI D<31:00> | | 
BCI 1<3:0> $$$" * Sean 
BCI PO 


BCI A<3:0> | =a le tani-of OAM" | = 7 


BCI AS 





Figure 6 = VAXBI 78743 BCI Bus Interface Read Transaction Timing | 


Table 6 = VAXBI 78743 BCI Bus Interface Read Timing Parameters 





Symbol —__s Definition ) ” : Requirements (ns) 
| | | a ee ‘ | Min. Max. 
tani _ BCIA<3:0> to BCIAS setup time — cete cnet Sf, 15. ie 
tou BCIA<3:0> to BCI AS hold time | | — 10 _ 
ce BCI address latch strobe width _ a ears 
(eras BCI AS to BCIRS setup time 45 — 

en BCI A<3:0> to BCIRS setup time 45 — 
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team BCI As3: 0> tos BCIRS hold’ time = : Fo Foye, | ' : B A a 
ten -—=s«éresett E width (CRS and BCI WS adinenady”? ; 400° = 
tex. Output latch close time after read access ¢ Te eee “100 











taro __ Read access time vaiqure SWI <ehoe -110 
tamisw ; BCIM S, BCTSLS strobe pulse: id th © SEE Sa D5 ; ue aa 
to BCIMLS, BCI SLS strobe hold time © ATE i EF 

ae _ BCI o output - enable time | gril rprtee BAe TO BPD 40. 

















ade ee 





= ene a 
tio  . Latch tooutputdelay. S37 FRG | 








pe. “| Ws deasserts t to BCI read Game reise) a OR een — 


| BCI A<3:0> 


TTPBAD 
BCI DS 


BCI D<31:00> 
~ BCII<3:0> 
BCI PO- 


i 





Figure 7+ VAXBI 78743 BCI Bus Interface Write Transaction Timing 
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‘Table 7 » VAXBI 78743 BCI Bus Interface Write Timing Parameters 


Symbol Definition mgm oa) 


ee BCIA<3:0> toBCIAS setuptime __ ne bo le 
fati, BCI A<3:0> to BCIAS hold time east, 10 = 
tusw .-—»-zBCladdresslatchstrobewidth = a kt st kl” 
feiss BCI A <3:0> to BCI WS setup time eee | ee eee 
gas BCIA<3:0> fromBCIWSholdtime (‘zx 3 _ 
tusn .«zBCIASfromBCIRShodtime tt 
tos: . . BCID<31:00> to BCI WS setiig time Seer | eee _ 
tesw Write strobe width a | 4 90 7 ae 
tapcu Preset width (BCIRS and BCI WS unasserted) = 8 jj|§§§ 40 | = 
tansw BCI data strobe pulse width 7 pas OR; 15 = 
tis: BCI data strobe setup time -_ a b — 
te ..-—-—sw@BCIdatastrobeholdtime = $= #10 — 
toms 7 Parity error output delay a — 60 


tins BCI WS deasserts to II read (same register) ; ner | a, a 


ll A<6:0> 
li M<3:0> 





| a ae ty 


le NOE 7 x top rag 
il D<31:00> 


Figure 8 = VAXBI 78743 II Bus Interface Read Transaction Timing 
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re OE INDRA NNN 


ll A<3:0> 


tt DS: 


| D<31:00> 
on | P<3:0> 


11 A<3:0> to ITAS setup time eee eee se . 
WA<3:0> toWASholdtime see iad PET ce 25-210 


II address latch strobe time agi; aon? dats orale 
WAS to IRS setup time mis guise SY) oss 

I A<3: O0> to TRS setup time sie : use 60 

Il A<3:0> to ITRS hold time g ¥ Direbe OP) we Oe ABs 

IFAS from IPRS hold time reds bok PE aa BEE 
Read strobe width = | agert ties OW " 45° 
pe width (TRS and WS TT WS unassert red) ae a ae 
Read access time _ © aresionis SOT 
Iloutputenabletime = wee 


‘II output disable time i re rer 


90 
40 


40, 








fs lca rat 





Figure 9 - VAXBI 78743 II Bus Interface Write Transaction 
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pce Requlrements (ais) 


Max. 
te I1A<3:0> to ITAS setup time a FR Ber oe ge _ 
tn HAZ3:0>wWASholdtime it ceevu 0b 
~ tusw II address latch strobe time Seu a 15 a ee ; 
oe II A<3:0> to II WS hold time eg Tas See = 
tisn2 TI AS from II RS hold time HEY Dales | sare Teel by 0 ; = 
tinsz IID<31:00> toMWS = te Oe me 
ee 
ties Il D<31:00> eer Il P<3: 0: > to IT DS setup time 15 — 
tists II D<31:00> and II P<3:0> from II DS hold time 10 — 


BCID<31:0> conte at er 
(DMA/MAP ADDRESS ACCESS) — os aa, INCREMENTED 


It DMA INC ENA 
1t MAP INC ENA 


11 DMA PGOVF , woos | 
i MAP PGOVF 








3 





Figure 10 » VAXBI 78743 BCI DMA and MAP Address Increment Timing 
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Preliminary VAXBI 78743 


Table 10 = VAXBI 78743 DMA and MAP Address Increment Timing Parameters 


Symbol Definition Requirements (ns) 
Min Max. 
tasr Read strobe width 90 — 
tes Read access time — 110 
oe Page overflow delay from BCI RS asserted 0 70 

tars I. DMA INC ENA or II MAP INC ENA setup to 500 _— 
to BCI RS deassertion. 

tases II DMA INC ENA or IT MAP INC ENA hold time ome 10 
from to BCI RS deassertion. 

tins Minimum time between BCI reads with increment 500 — 

tan Minimum time between II writes and BCI reads 500 — 
with increment 

— Page overflow delay from IT DMA INC ENA and 520 — 

. Il MAP INC ENA 
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= Operates as a memory-mapped | perip : 





neral to the MicroVAX CPU chip. 





- Responds to VAXBI bus transactions issued by < other VAXBI nodes that access local memory ¢ or 
seek to interrupt the BCI3’s MicroVAX CPU. __ 


= Automatically translates any Integrated Circuit Interconnect (II) be. transaction into ‘fe 
equivalent VAXBI transaction whenever the II bus transactions references a nonlocal resource. 





- Fast transfer of data blocks Pees — memory ar and VAXBI rmemory at th the request of the 


MicroVAX CPU. 








~ Generates arbitrary VAXBI transactions when requested by the Mio 





- Description 


The VAXBI 78733 bus interface adapter (BCI3), contained in a 132-pin ceramic pin grid array 
(PGA) package, is used to connect the Integrated Circuit Interconnect (II) bus of the MicroVAX 
78032 processor to the VAXBI bus through the VAXBI 78732 Bus Interface Interconnect (BIIC) 
chip. The BCI3 is responsible for the low-level interface functions of the II bus and the high-level 
protocol translation necessary for interbus communication. It assists in managing the exchange of 
data and provides transparent translations of read and write transactions, error conditions, and 
interrupt requests..A block disgram of the BCI3 is shown in Fier 1. 





MIGROVAX INTEGRATED CIRCUIT INTERCONNECT (Ii BUS) 


WINDOW 
REGISTER 


CONTROL/ | | 
STATUS | ot 
REGISTER | ar 2-PORT T | 
FILE | (2X32) i jx fi | 
' INTERNAL VAXBI MASTER BUS f i | I VAXBI SLAVE BUS 


i 


INTERFACE 


BLIC 
INTERFACE CHIP 
VAXBI BUS 


Figure 1 = VAXBI 78733 BCI3 Block Diagram 
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The BCI3 translates protocol, routes transactions between buses, and detects and resolves bus 
transactions that result in a deadlock condition. Read, write, and interrupt request transactions 
from the processor are automatically translated into VAXBI transactions. This includes the transfer 
of data and the exchanges of error information when necessary. Devices on the VAXBI bus can 
access the II bus resources and interrupt the operation of the processor. — | 
In addition to supporting processor nodes, the BCI3 can also be used in intelligent MicroVAX-based 
peripheral devices. It contains a 5 Mbyte-per-second datamover for high bandwidth block data 
transfers used by I/O devices. 


- Pin and Signal Descriptions 


The VAXBI 78733 is a 132- -pin interface that functions with the input and output signals and 
voltage and ground connections described in the following paragraphs. The pin and signal 
descriptions are grouped by II bus signals and by BCI bus signals. The pin assignments : are shown in 


Figure 2. 
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Figure 2» VAXBI 78733 Pin Assignments 
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II Bus Signals 
Table 1 is a summary of ree input se eutput signals hae connect to the I bos. It also includes the 
power and ground ec connections. The signal ee are described in the following paragraphs. 





. Table 1» VAXBI 78733 I Bus Pin and Sa Summary 


Pin —__— Signal = —_ Input/Output Definitio ae 
N3,P3,M3,P2 ILDAL<31:00> input/output II Data ree ioe < 31:00> Sopp 
N2,P1.M2,N1 |. . _.» data and address information. 

K3, Mi,L2 Li | oe | 

K2,K1J2J1 

H1,G2,G1,G3 .- 

F1,F2,E1,E2 

D1,D2,C1,E3. 

B1,C2,A1,C3 


N4,N6,N5,M6 IIBM<3:0> input/output Tl Byte mask <3:0> lines—Specifies the 
bytes to be read or written. 

N7,P5,M7 IIcS<2:0> input II Cycle status <2: 0> lines—Used with the 

pdtdeecte decceelt : cage) sseph LL WAR, Hine to specify. the. spseetion of the 


current cycle. 











M8 | assoc a IT Harte ey error indicator 


M12 ae ey eran 


NB eae OAPRES. 5 eogiinpat oon, -ERetry, latch a ohen tee at cee od 
guns 23 221) hy a4 cob ote abe getry: address register. 




















Nit | 





ater: output } a a Tt DMA request—Requests a DMA transfer | 


pe Sapat agers 5 





input pene | —Provi 


P6 TAS input/output. II Address strobe—lIndicates when valid 
| | ont ae at address, eycle status, and write and mask 
| information i is available. a 





DS ps dv , | input/output. I Data Sele cldicaae when Fae can abe 
ee ee "transferred on the bus. fe a 
P8. - —/TFRLOE ~~ input’ ~———sd.:-s Retry latch output cabled Enaliles the 
se fiat ere & ~~~ transfer of the retry address on —— 
“mation. — | 


PO 1DBE input/output ‘II Data buffer oobi Conai ihe DAL bus 
transceivers. 








P10 Il RDY input/output II Ready—Indicates the status of a data transfer. 
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Pin oe Signal Input/Output Definition/Function | | 

P11 7 TTRETRY ls input/output I Retry—Requests. a , change i: in bis master- 
ship and indicates a locked location. 

P12 II DMG input = —«s IT DMA grant—Indicates that the BCI3 has 

| Ae 2 feos et abédn granted the bus for a DMA transfer. 

P13 Il NLMR input sv Nonlocal memory reference— Indicates 
that the memory space is not local.. 

L13 TOD input Test output disable—Causes the BCI3 out- 
puts to become a high impedance. Used for 
test purposes. 

D3,D12,L3,L12, Vpp input Voltage—Power supply voltage | 

C5,E12,E13,M4 Vs; input Ground—Common ground connection. 


M5,M10,Mi1, 


II Data and Address Lines (II DAL < 31: 00> )—These lines transfer sas and Pree ‘nieeaaten 
between the BCI3 and II bus. 


II Address Strobe (If AS)—The II iis master asserts this signal to indicaté that a valid address'is 
available on the II DAL<31:00> lines and that valid status information is available on the 
IICS<2:0>, IT WR, and ITBM<3:0> lines. The subsequent deassertion of this signal indicates 
the end of che bus cycle. This signal is synchronized internally by the BCI3. 


II Data strobe (I DS)—The II bus master asserts this signal during a read and interrupt 
acknowledge transaction to allow the slave to transfer data on the II DAL< 31:00> lines. When 
the line is deasserted, it indicates that the selected slave may release the DAL<31:00> lines. 
During write cycles, this signal is asserted to indicate that valid data is available on. the 
DAL <31:00> lines and deasserted to indicate that the master will soon release the DAL <31: 00> 
lines. This signal i is sychronized internally by the BCI3. _ | 

II Data Buffer Enable (II MDBE)—This signal i is used by the bus master to eable the DAL< 31:00 > 
transceivers. 

TI Byte Mask (Il BM<3: 0>)—This signal is used by the bus master during a read or write 
transaction to indicate which bytes within the data longword are to be read or written. 

II Ready (If RDY)—This signal is asserted during a read transaction to indicate to the bus master 
that data is ready for transfer. During a write transaction, it is asserted to indicate to the bus master 
that data has been latched. The signal is sychronized internally by the BCI3. 

U1 Bus Error Indicator (II ERR)—Assertion of this signal by the BCI3 during a MicroVAX-initiated 
II bus transaction (other than an instruction prefetch or interrupt acknowledge) causes the 
processor to perform a machine-check exception. Other devices on the VAXBI may assert the 


TI ERR signal when the BCI3 is II bus master to indicate that the current i bus transaction has 
failed. 
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'1)—If another device on the II bus asserts this signal for at lea 


ie BC vill reinitialize itself. The signal is synchronized internally by the BCI3. 
I Write (II WR)—This signal specifies the direction of a data transfer on the II bus.. 


II Cycle Status (II CS < 2:0>)—Together with the WR signal, these lines indicate sisi current bis 
cycle Be gag id the II bus master. Table 2 = the bus mee selections. : 












“Table 2 + VAXBI 78733 Bus Cycle Status Code Assignments. 





al | 
g 





not used 





Re en 
Read(D streain, modify intent) 
Bi cad arpa no modify intent) : 








not ube 
not ed 
not used 
ee not used 
oe write unlock 
-. notus ea 
write (D a 





Be Ps eee re | pla ee ec le 
babe mlb reread slog 


- [Bmore BocBacKacNecl oll oxi ol ws N 
Hm eee (ale cle sel cag og. el og | 


*H =high level, L=low level 


Il Interrupt Requests (II IRQ<3:0>)—These lines are used by the BCI3 to. “request bus 
mastership from the MicroVAX. Each line ate ae to an saa priority line IPL as listed i in 
Table by ; eae ne | os 


“Table 3 VAXBI 78733 Interrupt Request Line Assignments 





_ Request line : Request level 
Jt gains : % (hexadecimal) 





MO PL 
ROE oe ou ci ut > ERB cn 
TROL pp 
= IPL 14 
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Il DMA Request (IT DM MR)—This line @ is asserted bch the BED to Jas seats bus mastership from the 
MicroVAX CPU... | 

II DMA Grant (DMG) —This line is asserted to iittala to the BCI3 that it has been pidiiea 

mastership of the II bus. After the IT DMR line is negated, this line must be negated before the 

IT DMR signal can be reasserted for the next II bus master transaction sequence. , 
II Nonlocal Memory Reference (IT NLMR)—The memory controller asserts this signal to ree 

that the address of a memory-space II read or write cycle does not reside in local II bus memory. 

II Retry (11 RETRY)—This signal is asserted by the BCI3 to request that the MicroVAX relinquish 

bus mastership and t and reissue the current II bus transaction at a later time. The memory controller 

asserts the IT RETRY signal in response to an II bus read lock to indicate that a location is locked. | 
The BCI3 assumes that this signal will not be asserted when it is II bus master except in response to 
the II bus read-lock transaction. a ; | 

II Retry Latch Strobe (ITRLS)—This signal is'asserted to latch the address information on the 

II DAL<31:00> into the reery. address register. When negated, the retry address register is 
transparent. 


II Retry Latch Output Enable ar RD LOE)—This signal is used to assert the contents of the retry 
address register on the II DAL< 31:00 > lines. ; 


BCI Bus Signals om | ; 
Table 4 contains a summary of the input and output signals that connect to the BCI bus. The signal 
functions are described in the iii paragraphs. 


Table 4 « VAXBI 78733 BCI Pin and Signal Summary 





Pin Signal = =—_ Input/Output Definition/Function 

B2,A2,C4,A3, BCI D<31:00> input/output BCI data <31:00>—Used to transfer Asks 

B3,A4,B4,A5, between the BCI3 and the BCIL. 

B5,A6,B6,A7, _ —_ | 

C7,A8,B7,A9, 

A10,B9,A11,C9, 

A12,B10,A13,BU, 

Al4, B12,B13,C11, 

B14,C12,C14,C13 it 

B8,C8 BCI POWER input BCI power—Monitors the dc power of the 

BIIC. 

C6,C10 BCIGND  _. input —_ BGI. ground Common ground reference for 
nsshtgge | ~~~ the BHG signals. 7 

E14,F13, BCII<3:0> input/output BCI Information <3:0> = aanckes com- 

D14,D13 7 mand values read status and write masks. 

Fi2 ~ BCI MDE input —sr&BCI Master data enable—Indicates when ae 


on lines BCI D<31:00> and BCI 1<3:0> 
should be transferred to the BIIC. 
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Pin ~ Signal Input/Output Definition/Function 
F14 | BCI CLE input BCI Command latch pnablescIncicates when 
| BI command/address information i is available 
during slave-port operation. | 
Gi2 BCI SDE. input = —SCiBCI.: Slave data enable—Indicates when the 


BCI3 should transfer data on the BCI 
D<31:00> and BCI<3:0> lines. 





- G6B.Gi 











output —- BCI. Slave response <1: o> lines—Used by 
the BCI3 to acknowledge the slave-port 
operation. ; 
H12,K14,J13, BCIEV<4:0> input © © BClIEvent <4:0> tinedicXcGabains the event 
Ji2,L14 status information from the BIIC. 
P14,K12 ~BCIRQ<1:0> output BCI Request—Initiates | BIIC Ronin 
operations. — 
J14,H13,H14 ~ BCI SC<2 :0> input “BCI Slave code <2:0> lines—Us =d to trans- | 
- | —— fer status information during | BIIC alave-port 
Operation, 
M13 BCI TIME input BCI Time—A 20-MHz TTL clock reference 
signal from the BIIC. | 
M14 BCI RAK input BCI Request acknowledge—Provides transac- 
is: ~_ tion timing. 
N13 CI PHASE input §=——sS*&B. Phanisiai 5-MHz clock reference signal 
| 3 | _ from the BIIC. 
N14 _ BCIMAB output _—— BCI Master Pscate Used to halt current BIIC 
| __ master-port operation. 





BCI Data (BCI D< 31:00 >)—These lines are used to exchange VAXBI data and address field 
values with the BIIC. 


BCI Information (BCI I< 3:0 >)—These lines are used to exchange VAXBI command field values, 
write masks, and read status with the BIIC. 


BCI Master Request (BCI RQ<1:0>—These lines are used to initiate BIIC master-port 


operations. 
BCI Request Acknowledge (BCI RAK)—This signal provides timing information for BIIC master- 
port operations. 


BCI Next (BCI NXT)—This signal provides timing information for BIIC master-port operations. 
BCI Master Abort (BCI MAB)—This signal aborts current BIIC master-port operations. 


BCI Master Data Enable (BCI MDE)— This signal indicates when the BCI3 should transfer data on 
the BCI D < 31:00'and BCI I< 3:0> lines during a BIIC master-port operation. 


Confidential and Proprietary 4-165 








VAXBI 78733 








BCI Slave Response (BCI RS < 1:0 > )—These signals are used by the BCI3 to sania BIIC 
slave port action when it is acting as the selected VAXBI slave. 

BCI Command Latch Enable (BCI CLE)—This signal indicates when VAXBI scammletiee 
information is available on the BCI D<31:00> and BCI I<3:0> lines during BIIC slave-port 
operation. 

BCI Slave Select Code (BCI SC <2:0 >)—These signal provide status information during BIIC 
slave-port operations. 

BCI Slave Data Enable (BCI SDE)—This signal indicates when the BCI3 should transfer data onto 
the BCI D< 31:00 > and BCI1<3:0> lines during BIIC slave-port operations. 

BCI Event Code Information (BCI EV < 4:0 > )—These signals provide status information eer 
BIIC master-port and slave-port operations. 


BCI Time (BCI TIME)—This signal is the local BI node’s version ‘of the 20- MHz VAXBI clock 


reference signal. 


BCI Phase (BCI PHASE) —This er is the local VAXBI node’s version of the 5-MHz VAXBI aa 
reference signal. 

Test Output Disable (TOD)—This signal forces all BCI3 outputs into a high-impedance state. It is 
intended to support board-level manufacturing tests and includes an internal pullup circuit. 


Power (V,,) and Ground (V.s)—Vpp connects to the power supply positive voltage and Vss 
connects to the power supply and signal ground reference. 


Architectural Summary 


Figure’ 3 shows the internal organization of the BCI3 interface that includes four inajor 
subsystems—an II bus controller that initiates and responds to microprocessor bus transactions, a 
VAXBI master controller that initiates system bus transactions, a VAXBI slave controller that 
responds to the bus transactions and a datamover controller that coordinates the high-level DMA 
operations. Each is individually controlled and the three bus management subsystems each contain 
a 36-bit (32-bit data and 4-bit tag) bidirectional data bus. These four ee operate 
independently and can simultaneously service multiple transactions. 
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CONTROL AND STATUS FOR CSRs 


Fa atin aan 





| DATAMOVER | 
| CONTROLLER 











REQUEST | 





REQUEST 
STATUS 













REQUEST 
STATUS 


REQUEST 
STATUS" 





VAXBI 
MASTER | 
| CONTROLLER | 














VAXBI SLAVE | 
| CONTROLLER | 





|} weus’ f 
| CONTROLLER |. 











‘alien, parse!” tee ae eal Sigua 
CONTROL AND STATUS FOR . .° CONTROLANDSTATUSFOR.. © CONTROL AND STATUS FOR 
INTERNAL VAXBI MASTER INTERNAL II BUS AND I INTERNAL VAXBI SLAVE BUS 
BUS AND BCI INTERFACE. INTERFACE. AND BCI INTERFACE 


Figure 3 = VAXBI 78733 Internal Subsystem Organization 


Ta aidition: to performing requests from the MicroVAX or - controller, the BCI3 Sandia 
ners the transactions directly into VAXBI transactions and responds t to all interrupt acknowl- 
edge transactions. It interrupts the MicroVAX if an interrupt ‘request’is received from another 
VAXBI node. In response to D DMA requests from the VAXBI bus, the BC * accesses the a8 et using 
the stanchatd DMA protocol." i i : : : 





When the MicroVAX processor references a memory space location, the memory controller or 
equivalent logic determines when the address»space is withir ated ‘to the BCI3 













interface. The controller asserts the nonlocal memory (II NLMF indicate the reference is 
not a memory location. The BCI3 translates the reference into othe equivalent VAXBI transaction, 
transfers it to the VAXBL is and oo he: = >the MicroVAX aire thed I bus read _ 


write protocol. 


The response of the BCI3 to pti MicroVAX C10 space bite ‘depends on the re range 
specified. If the address of the MicroVAX i is within the node private space, the response of the BCI3 
depends the location accessed. The address assignments oF the MictVAe ind the aliiscated — 
of the BCI3 ole are ¢ shown i in a Figuie ¥. 4. 
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(BOOT ROMS) | 


| LOOPBACK SPACE 
| - BC13 (CSR) 


2000 0000 





2004 0000 
2008 0000 


2008 2000 
2008 4000 












| NODE PRIVATE SPACE 





USER’S CONTROL AND | 

| STATUS REGISTERS 
| (CSR) 

2010 0000 | 


Figure 4 = VAXBI 78733 MicroVAX Node Private Space Address Assignments 


2010 0000 


The lowest 256 Kbytes of II bus address space is assigned to the ROMs that contain the bootstrap 
program. The next address range consists of an 8-Kbyte loopback space and the BCI3 will respond 
to addresses in this range by using the loopback feature of the BIIC to permit access to the BIIC and 
BCI3 nodespace registers without performing VAXBI transactions. _ 


The BCI3 control and status registers (CSRs) are located in the next higher 8- Kbyte range. These 
registers are accessible through the II bus and are accessed by the BCI3 without involving the BIIC 
or VAXBI bus. The user CSR space is ignored by the BCI3 and may be used by local II bus devices. If 
the address of a II bus transaction is not within the private nodespace, the BCI3 translates the 
transaction into a VAXBI bus transaction and reports the results to the processor using standard 
read or write protocol. a 


Interrupt Vector Requests—An II bus interrupt request can be initieted as a result sf a transaction 
from the VAXBI, by the BCI3 interface, or by a device on the local VAXBI bus node other than the 
BCI3. When the MicroVAX acknowledges an interrupt request, the BCI3 serves as the local II bus | 
interrupt arbitrator by determining which of the outstanding interrupt requests will be serviced by 
this transaction. If a VAXBI interrupt is being serviced, the BCI3 will solicit an interrupt vector 
from the interrupting VAXBI node using the VAXBI IDENT transaction. If the interrupt being 
serviced is a result of a VAXBI IPINTR (IPL 14 only), the BCI3 returns a fixed vector of 80 
(hexadecimal). If the interrupt is BCI3 initiated (IPL 16 only), the BCI3 will return a fixed vector of 
58 (hexadecimal). If none of these conditions are pending, the BCI3 interface returns a vector on 
behalf of a local device—the value of which depends on the IPL of the interrupt vector as follows: 
FO (IPL 14), F4 (IPL 15), F8 (IPL 16), or FC (IPL 17). 


+ Register Description 

The BCI3 interface contains two groups of registers. The nodespace register file is accessible from 
the VAXBI bus and consists of 12 general purpose registers and a two-ported toggle registers. The 
BCI3 private registers are accessible from the II bus and consist of 28 registers that are used to 
control the transfer of information, to report status, and to generate interrupt requests. 
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Nodespace Registers 


The BCI3 interface contains 14 nodespace registers used to facilitate communication betweet 
different BI nodes. eases registers and address assignments are shown in Figure 5. 





BB+200 | GENERAL PURPOSE REGISTER 0 (BI RXCD ONLY) 
pe+20a fo GRAAL HURROREREGIETEN 4 
BB+208 | GENERAL PURPOSE justin 

BB+20C fi ok ee | GENERAL PuROSEREOITER 3 

BB+210 | ete GENERAL \runrose recite ; 

BB+214 | a arr al 
BB+218 | "GENERAL PURPOSE REGISTER 6 

pesaic | —- : GENERAL PURPOSE REGISTER 7 

BB+220 I; _ cneeeer PURPOSE REGISTER a. 

pB+224 | GENERAL PURPOSE REGISTER 9 

884228 | q | | | | ; GENERAL PURPOSE aEcisreR ‘0 7 
enc | GENERAL PURPOSE REGISTER 11 

BB+230 | TOGGLE REGISTER A SET PORT 
eae. 7 TOGGLE REGISTER ACLEAR PORT 
BB+238 | | "TOGGLE REGISTER BSETPORT _ 


BB+23c | | é TOGGLE REGISTER B CLEAR PORT 





Figure 5+ VAXBI78733 Nodespace Register File 


General purpose registers 1 through 11 and the two toggle registers are accessed by 16 VAXBI 
longword addresses; bb +200 through bb+23C (hexadecimal). The nodespace registers can be 
locked by a read lock command issued to any one register. This command locks the entire set until a 
write unlock command is issued. 

Each of the toggle registers can be accessed from two addresses. Writing a 1 into a bit of the lower 
address register will set the corresponding bit in the register. Writing a 1 into the higher address 
register will clear the corresponding bit in the register. 
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Private Registers 
The private registers are accessible only from the II’bus. They may be referenced 





VAXBI 78733 


using longword 


length transactions but do not support the masking of write operations. The ‘register file and 
assigned addresses are shown in Figure 6. Some BCI3 internal address registers in this address space 
can be used for diagnostic purposes. However, they must not be used during normal BCI3 


operation. 


4-170 


~4C 


..6C 


a 


00 
04 










. BCI3 MASK 


7 rie ng ek 9 < 






oc; BIIC EVENT INTERRUPT MASK REGISTER 



























10 | DATAMOVE CONFIGURATION REGISTER : 
14 | BI MASTER COMMAND/ADDRESS REGISTER(INTERNAL) —_| 
18 BI MASTER DATA REGISTER (INTERNAL) 
1C | BI SLAVE COMMAND/ADDRESS REGISTER (INTERNAL) | 
20 3 
BI SLAVE DATA REGISTERS (INTERNAL) 
2c 


30] 





UNUSED 











40 
44 
48 


Bl ADDRESS REGISTER | 
11 ADDRESS REGISTER 







50 
54 
58 


DATAMOVE DATA REGISTER 3 


60_ 
UNUSED 


I! ADDRESS REGISTER (ALTERNATE ADDRESS, INTERNAL) | 


DATAMOVE DATA REGISTER 4 (INTERNAL) 


( 
DATAMOVE DATA REGISTER 5 (INTERNAL) : 


-DATAMOVE DATA REGISTER 6 (INTERNAL) 
_.. DATAMOVE DATA REGISTER 7 (INTERNAL). 





Figure 6 « VAXBI 78733 Private Register Assignments 
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ae a _ 00 
| BCI3 CONTROL AND STATUS 
BiIC EVENT STATUS REGISTER 


DATAMOVE DATA REGISTER 0 | . 
| _ DATAMOVE DATA REGISTER 1 


INTERRUPT VECTOR CONSTANT GENERATOR (INTERNAL) | 
DATAMOVE DATA REGISTER 2 1 


noon REUSE ESRD ANIO NM ONNNIO NAY IRORHeRYSANEHEO FURR RR RRORURAN ROO 





BCI3 Control and Status Register—The BCI3 control and status register (BCI3 CSR) contains 16 
nodespace write sense bits, one for each of the nodespace register addresses shown in Figure 4. 
These bits are set when the BCI3 is accessed by another VAXBI bus node. When information is 
written into a nodespace register, an interrupt request (IPL 16) is generated and the corresponding 
bit in this register is set. The interrupt can be masked by the information in the control and status 
mask register. The register also contains control and status bits used by the datamover. The register 
format is shown i in 2 soe 7 and the information i is a drectibed i in ‘Table an 











31 2423 1615 08 07 00 








DMOVE DONE 
“60 DMOVE 


X= IGNORED ON WRITE OPERATIONSAND 9° 
RETURNS ZERO ON READ OPERATIONS. : t stu ath 


Figure 7 7 VAXBI 178733 BCI3 Control and Status Register Format _ 








25 | -DMOVE DONE (Datamove = done)—Whes set, it indicates that the datamove 
--_ @peration completed successfully. ~ : : 

24 _GO DMOVE (Go Gaamotel Set © to initiate a mi 

23 DMOVE ERR (Datamove error)—When set, it indicates that the datamove 


operation was aborted due to an error. Cleared by writing a 1 to this bit. 
22:16 — Notused. 





15:00. Nodespace write sense ‘bitaacSer when the corresp 
received data from other BI nodes. Cleared Py dai HP 





peteandinpoademaas) registers shave 
ia. 1 to, this bit. : Ge 





BCI3 Control and Status Mask Register—The BCI3 control and status mask (BCI3 CSMR) register 
contains 16 nodespace write sense mask bits that are used to mask the sense bits in the BCI3 control 
and status register to prevent the generation of an interrupt. The register also contains bits to 
enable datamover interrupts and global interrupt enable bits. Syd 8 shows the ‘tegister format 
and register information is described in Table 6. 
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Bit Description 

31 INT EN (Interrupt enable) —Set by the, Brocesor to enable an nneeripe request 
that originate in the BCI3. 

30:26 Not.used. . ee 

25 DMOVE DONE M Data move done a 6e byt the processor to allow an 
interrupt when the corresponding bit in the control and status s register i is set. 

ay a 

23 DMOVE ERROR M (Data move error Seek by < processor to allow .an 

- interrupt when the corresponding bit in the control and status register is set. 

22:16. Not used. 

NODESPACE WRITE SENSE MASKS—Set to ae interrupts when the corres- 


15:00 





My bay | | pee oe ye 
Jig i ita) | Ei 


_ »  DPMOVE ERROR M- 
ee _, .. DMOVE DONE M — 
=“ WNT EN— . : 


— X= ~ IGNORED 


Waiclybatte Be RE. ya ese a 

ee ee ae 
— ie a 
i | ee 
















tT xxxxx xl x 









K " NODESPACE WRITE SENSE MASK o 





ED ON WRITE ae AND 
RETURNS ZERO ON READ OPERATIONS, 





Figure 8 = VAXBI 78733 BCL Control PF, Status Mask Register Fovnar. 


Table 6. VAXBI 78733 BOIS Control wad Stats Mask Register Description 


ponding bits of the control and status register are set. 


BIC Event Status Register—The BIIC event status register (BIIC ESR) indicates the history of 


events specified on the VAXBI event lines 





SIEV <4:0>, except for the Interlock error indicator 


(bit 0). Bit 0 is set if the read lock fails after the BCI3 has read data from the II bus resulting in a II 
bus memory lock condition. The bits in this register are set by the BCI3 and cleared by the 
processor by writing a 1 into the required location. The BCI3 will interrupt the processor when a bit 
is set provided that the corresponding mask bit in the event mask register is set. The register format 
is shown in Figure 9 and the bits are defined in Table 7. 








D= DIAGNOSTIC INFORMATION 
E= VAXBI/BIIC ERROR INFORMATION 
S= VAXBI/BIIC STATUS 


Figure 9» VAXBI 78733 BIIC Event Status Register Format 
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. BlIC EVENT INTERLOCK ERROR 


HUSH HEE 





31 = MTCE tier transmit error sched AEA 
30 BPM (Bad parity received during master-port transact 








29 RTO (Retry timeout) ee ees 
28 ICRMC (Illegal confirmation received for master-port eas 
27 BPR et satu a 





25 ICRMD (Illegal —— — * zon ‘Taster-port data me 
24 RDSR (Read data substitute or reserved status code received) 
23 AKRNE7 ocuctabeen contiriaticn received for nonerror vector—level 7) 





AKRNE4 (Acknowledge confirmation ® recelt ive d | : 
19 BBE (Bus busy error) USRATHI Tage 2. gals 
18 ICRSD (Illegal confirmation received ran slave ea ies 





17 BPS (Bad parity received during slave ‘cesiction) 


16 - STO (Stall timeout on slave transaction) 
15 ~~ -EV7 (External vector selected—level 7). 
14 - EV6 (External vector selected—level 6) 











13 EV5 (External vector selected—level 5) 

12 EV4 (External vector selected—level 4) 

11 IAL (Identification arbitration | st). 

10 AKRE (Acknowledge confirmation receive ioe error i vito) 





09 NICIPS (No acknowledge of illegal confirmation: teceived ran force-bit interprocessor/ 
stop command) 





08 NICI (No adinowledge or egal confirmation resin ori interrupt command) 


07 ARCR (Advanced retry confirmation received) 

06 IRW (Internal register written) 

05 RCR (Retry confirmation received for master-port command) 
04 STP (Self-test passed) 
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03 BTO (Bus timeout) 
02 AKRSD (Acknowledge received from slave read data) — 
01 MCP (Master-port transaction complete) 





00 INT ERR (interlock error)—Set to interrupt the MicroVAX. ae an error condition 
provided that the corresponding mask bit is set in the BIIC event mask register. 


BIIC Event Interrupt Mask Register—The BIIC event interrupt maak register (BIIC EIMR); is a | 
to mask the event indications in the event status register to prevent the generation of an interrupt. 
The bit mask assignments are shown in Figure 10 and the event codes are defined in Table 7. 


Bt a 815 80 





EVENT MASK BITS 
M= SET a0 ENABLE EVENT INTERRUPT 


Figure 10» VAXBI 78733 BIIC Event Interrupt Mask Register Format 

- Datamover Configuration Register—The datamover configuration register (DMCR) is used during 
datamove operations and to specify diagnostic mode operations. The register format i is shown in 
Figure 11 and described in Table 8. 





| TRANSACTIONCOUNT | . 


DIAG MODE 


- Figure 11 » VAXBI-78733 Datamover Configuration Register Format 
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Table 8» VAXBI Midl Datamove a instal SS. 





Bit >Scrif | 

31:28 i oe BI CMD oer command — Species a. read or write BI command. 

27:20 Not used. _ 
21 DIAG MODE (Diagnostic mode)—Set i to initiate se ignowi mode operation. | 











20:14 | Not used. 


13:00 — Transaction count Contains inet two’s seca ibe mr” ihe number of Foctawords to 
be e transferred fae Lt to 16K octawo' rds) durit ins datamove. : 














BI Bus Address Register—The BI address register (BI AR) cont r © st starting VAXBI address ia | 
VAXBI transaction length code to be used by th e da itamove The: contents of this. register wil be 
altered during datamover operations. The register format i is shown in Fig 8 a 











LENGTH ==————sVAXBIBUS ADDRESS— 


Figure 12 « VAXBI 78733 VAXBI Bus Address Registe 








the datamover. The contents soft this regis et r alte ir 
The register format is shown i in Figure 13. 


i ng operation of the datamover. 











Datamove Data Registers (0-3)—The datamove data registers (DDRO through DDR3) are used as 
buffers to transfer octawords between the II bus and VAXBI bus during a datamove operation. Each 
register contains 32 bits. 
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VAXBI Transactions. - : Bd 

All transactions between the BCI3 eee VAXBI I bus « are facilitated eo the B BUC interface that 
communicates directly with the BCI3. The BCI3 can be a master or a slave on the VAXBI bus. As a 
master, it performs the transactions requested by the processor. As a slave, it responds to the VAXBI 
transactions that are directed to it and translates the VAXBI bus transaction onto the II bus. When 
the transaction has been completed, the BCI3 reports the transaction status to the VAXBI master. 
The BCI3 responds to VAXBI bus addresses in the 8-Kbyte region of I/O space (nodespace) and to a 
region specified by the starting and ending address register (configurable by the MicroVAX 
software). This software defined region typically resides in memory apace f but caring certain 
conditions it may reside in the VAXBI I/O space. 


The nodespace region starts at address 20000000 + 2000 (hexadecimal) node _ID defined as the 
nodespace base address (bb). Each of the 16 nodes than can be assigned to the VAXBI bus is 
identified by a node ID. The nodespace contains some registers that are defined by the VAXBI and 
some that are defined by the BIIC and BCI3 interfaces. 


The remaining region is defined by the starting and ending address registers of the BIIC interface at 
locations bb + 20 and bb + 24, respectively. The BCI3 responds to addresses numerically greater 
than or equal to the starting address but less than the ending address. The low-order 18 bits of these 
registers must contain zeros so that the addresses are located in multiples of 256 Kbytes. The 
MicroVAX software should load these addresses during VAXBI node initialization. 


Transaction Response— The BCI3 reponse to VAXBI transactions is as follows: 


= VAXBI Interrupts— When a VAXBI bus interrupt (INTR or IPINTR) command is issued to a local 
node, the BCI3. interrupts the processor at the level specified-in the command. The request is 
cleared after the processor solicits the interrupt vector by a MicroVAX interrupt acknowledge 
transaction. 


« VAXBI Identification—The BIIC interface responds directly to IDENT transactions and the BCI3 
is not involved in this transfer. 


: VAXBI Invalidate—The BCI3 ignores the VAXBI INVAL transactions. 


: VAXBI Stop—The BCI3 acknowledges STOP transactions but performs no operations. Exteel 
user logic may decode this transaction for node specific responses. | 


II Bus to VAXBI Bus Translations 

All II bus transactions directed to the VAXBI are transparent to the processor software. The READ, 
READ LOCK, and WRITE (etc.) are translated directly to VAXBI transactions. A MicroVAX 
interrupt acknowledge is translated to an IDENT transaction. The windowed II bus transaction is 
stalled until the corresponding VAXBI bus transaction has been completed. 


When a VAXBI bus error is detected, the BIIC interface informs the BCI3 interface through the 
BCIEV <4:0> lines. The BCI3 sets a bit in the event status register that may result in a processor 
interrupt. Critical errors such as BI master transaction errors can terminate the corresponding BCI3 
- operation. The BCI3 notifies the processor of errors detected during windowing operations using 
the II ERR signal. Errors detected during datamove operations cause the BCI3 to abort the 
operation and to set the datamove error bit in the datamove register. 
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I Bus con mman Ee : _ . VAXBI Bus command 
fede) sired bayegne! ARBAB alr | 
Read (D stream, ‘modify intent) eae, ol READ. 
Read (D stream, no modify intent) READ 


The length of the VAXBI-generated transaction is a longword with D< 31:30> equal to 01 in the 
command/address cycle. Bits D< 29: 00 = are  tranateseed. to. ae VAXBI baie. VAXBI pores usually 
ignore bits D <01: 00>. 


The BCI3 generates a II bus error sig = ] = Pier 











« The VAXBI transaction is not a 2 
. Invalid parity is detected or an illegal confirmation code i is received. 
-A read data substitute or reserved read status code is received from : 


I Bus Write Translations—The II bus to v ¥. BI hiss write translations a are 

II Bus command | ae VAXBI Bus comm . 
Write (D stream) WRITE MASK 
Write unlock — —_ Siac es se - WRITE UNLOCK > 

The write (D stream) transaction is vcracaaged into a VAXBI WRITE: MASK and all write e unlock i is 
always ti anslated into a VAXBI ¥ WRITE UNLOCK oat a ction. . =>d VAXB: 
transaction is always a longword 31:30>. z=) 
<29:00> of the II bus address are transferred to the 
The IT ERR signal is asserted by the BCI3 by the following: 


. The VAXBI transaction times out. 


nowledged or exceeds the time specified for somenron.© 






the VAXBI bus. 














neified by the ei als "The vector jeune ie the IDENT Conmand enka the IL bus | 
erie enna transaction. the EXPL ages pending state is fa cleared s at the comp 








. Thes BC receives an allegal VAXBI Sates code. 





: Parity i is not valid or an illegal confirmation code is is a a. : : 


sde is vedeivigk from th = VAXBI Trig. 





- A read data sustitute or reserved vector status ¢ 
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VAXBI Bus to II Bus Transactions: ___ 

The VAXBI bus read and write commands that ey an edie bee ee starting fan pace 
address register values of the BIIC interface are translated to II bus read or write commands. VAXBI 
bus quadword-length transactions are translated into two longword length transactions. VAXBI bus 
octaword transactions are translated into four longword-length transactions. ‘Table 10 lists thie 
translation between the VAXBI bus command and I i bus transactions. 





Table 9 - VAXBI 78733 VAXBI Command & II Bus Command Transactions | : : 


VAXBI Bus commands I Bus commands | 

READ (eee: 2 ly | Read (D stream, no modify 
INTERLOCK READ* nee den Read lock © 

READ WITHCACHEINTENT | ..~—_ Read (D stream, no = 
WRITE | Write (D stream) - 

WRITE WITH CACHE INTENT | __ Write (D stream) 

UNLOCK WRITE MASK Write unlock 

WRITE MASK Write (D-stream) 


*Commands of quadword length are rapslated into a II bus read lock transaction followed by a 
Read (D stream, no modify) transaction. Commands of octaword length are translated into a II 


_ bus read lock transaction followed by three Read (D stream, no modify) transactions. 


Read Translations—During read-type transactions from the VAXBI bus, the BCI3 will onl 
stall the VAXBI node until the translated transaction has completed. When the II bus memory 
controller transfers the requested data signified by the assertion of the II RDY signal, the BCI3 
returns the data through the VAXBI bus with a “read data don’t cache” status. If the memory 
controller responds with an error (IT ERR) or retry (IT RETRY) signal, the BCI3 returns the 
appropriate no acksicwiedge' or x confirmation | on the VAXBI bus and terminates the 
transaction. 


Write Translations—The BCI3 acknowledges a VAXBI write-type transaction when the data has 

been successfully received but before the completion of the actual write operation. Write 
transactions that fail because of nonexistent memory and other conditions are not reported to the 
VAXBI. This disconnecting of write transactions allows the VAXBI bus to participate in other 

transactions while the BCI3 completes the write (detached) transaction to the II bus. If the BCI3 

receives another VAXBI read- or write-type transaction before the last write operation has been 

completed, it will retry all subsequent VAXBI transactions until the detached write transaction has 
completed. 
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+ When an error occurs on = II “ =i — a VAXBI bus to II Darwiddews read 











BCI3 indicates an error by issuing a no acknowledge reply during the comma nd/add 
the VAXBI read transaction. All 0 bus errors are snesien as a : 


write transfer. Noel error x will ‘a fa 4 to ‘the VAXBI bus. 


- The II ERR signal j is used to inform the MicroVAX that? a 1 bus 
transaction has been completed unsuccessfully. It is not asserted to in 
from an incoming VAXBI bus transactions. _ | 





- If anerror indication is received ‘dil’ an incoming. VAXBI to I bus write transaction, no writing 
will occur on the I bus._ | een 


= If the VAX 





unlock the II Cbs it memory. 





. During other VAXBI to Il bus conditions sucha no on 


status register: will be set to int upt the 9 ib ol wif m4 
been set. roce 


The BIC3 interface has the capabilities to L sassadly spe a 
data transactions and for af deposi test Purp pe 






Datamove Operations ne 
; datamove operations, the MicroVAX. causes ‘the BCI to tran: fere a ‘sequence of octawords 
‘Bevin the II bus and VAXBI bus. The BCI3 loads an ‘internal buffer with octawords fro 
and transfers them to the other bus. When completed, the BCI3 interrupts the ¢ processor.  Hetaiise 
the datamove operation uses the VAXBI octaword transfer, it is more efficient than the MicroVAX 
MOVx command that transfers sequences of individual longwords. In addition, it allows the 


processor to perform other operations when the datamove transaction is in process. 

If a RETRY request from the VAXBI bus is received during the BI transaction, the BCI3 will repeat 
the transaction until it is successfully complete d or until a timeout condition occurs. If the 
transaction is not acknowledged or times out, the BCI3 will set the DMOVE ERROR bit in the 
control and status register. The cause of the failure must be determined from the BCI3 and BIIC 
interface status registers. 7 a 7 hone Be a ee 
















The datamove command uses the datamove config ration poe ‘control and status tepiates 
control and status mask register, II bus address register, and the BI bus address register in the BCI3. 
The data to be transferred must be aligned by octawords and the source and destination blocks may 
not cross a 256-Kbyte address boundary. 
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Data is transferred from the II bus to the VAXBI bus by the following Sperations: jitie cree to - 
transferred must be octaword aligned on the II bus and VAXBI bus. » 


« The starting address of the of II bus data (source): is loaded ir into meas BCI3 II Tbs since — = 
the microprocessor. : 


- The starting address of the VAXBI addiess (esinaton is loaded i into the VAXBI bus address 
register in the BCI3 by the microprocessor. 


: The BI WRITE command (code 0100) is written into the BICMD field and the two’s “phaplenten 
of the the number of octawords to be moved is written into the transfer count t field of the 
_ datamove configuration register by the processor. : wae 


: The GO DMOV bit of the BCI3 control and status register is set et by the microprocessor toi initiate 
_ the data move operation. 


« The BCI3 sets the DMOV DONE bit in the control and status register at the end a hie transaction 
or sets the DMOV ERROR bit during the transaction if an error detected during the transaction. 
_ These bits can generate a microprocessor interrupt If enabled by the bisa Matin tattle side in 
the controland status mask register. | 3 


The sequence réquitted to transfer data — the VAXBI bit to ‘thé 1 bis is similar to the previous 
transfer except that a BI READ command code (0001) is written into the BICMD field of aad data 
configuration register by the microprocessor. 


- Application Information 
Refer to the BCI3 Engineering Specification (DC344) for more detailed information of the operation 
of the VAXBI 78733 interface, the VAXBI System Reference Manual (document number EK-VBISY- 


RM) for information on the VAXBI bus operation, and the VAXBI 78732 Bus Interconnect Interface 
Chip (BIIC) information contained in this databook. 


Figure 14 shows a typical system implementation consisting of three microprocessors. eon 
microprocessor communicates with memory and devices through i its I bus and to the VAXBI bus 
through the BCI3 and BIIC interface. 2 


MEMORY a MEMORY y oo 
ARRAYS - “3 Gist) (sk) (oisk) 
MICROVAX ; MICROVAX MEMO MICROVAX private || osk | 
| | CONTROLLER Cal CONTROLLER iE) MEMORY || CONTROLLER 
BCI3 | . PA BCI3 | BCI3 | 
| INTERFACE | o> INTERFACE | INTERFACE | 
CHIP a CHIP | CHIP | 
- 7 Bie BIIC | sespeoe 24 ane. 
| INTERFACE | INTERFACE | ; | INTERFACE 
| cHip CHIP | | cHiP | 
| VAXBI BUS ) 


Figure 14 = VAXBI 78733 Typical System Configuration 
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The II bus is a 10 Mbyte-per-second private bus that communicates with the 13-Mbyte-per-second 
VAXBI system bus through the BCI3 and BIIC interface structure. Both buses implement a 
common 1-Gbyte address space. All resources with the exception of certain nodespace locations 
can be accessed through the uniform addressing arrangement. 


Specifications 


The mechanical, electrical, and: Parnes pedainaices for. the. VAXBI interface are. as 
follows. The test conditions for the values specified are as follow unless ae otherwise. 


- Temperature: 70°C 
= Supply. voltage (Voc): 4.75 V 
«= Ground (V,5): 0 V_ 





Mechanical éxtieses : ae: 7 ove) ghogh 
The mechanical dimensions for mounting the a2 pin. PGA. jofertace package are thown j in 
Appendix E. ee 


Absolute Maximum Ratings 


Stresses greater than the absolute maximum ratings may cause permanent ee to a asl. 
Exposure to the absolute maximum rating conditions for extended periods may adversely affect 
the reliability of the device. ie peare 


= Input and output voltages applied: -1.0 V to 10 V 





- Active temperature range: 0°C to 125°C __ 


- Power supply voltage: 0.5 V to 7.0 V 





Recommended Operating Conditions 
= Power supply voltage range (Vc): 4.75 V to 5.25 V 
« Temperature range: 0°C to 70°C 
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de Electrical Characteristics — 





‘Table 18 contains s the de electrical Panitatetens $for the’ — rand outputs of the BC B interface chip. 


Table 10 » VAXBI 78733 dc Input and Output Parameters 


Parameter == = Symbol ‘Test Condition 


High-level Vin 

input voltage _ 

Low-level Vin 

input voltage | 
High-lev el ‘NV oii ie — -400 A 


“output voltage _ 


Low-level | Vor Ip, =2.4 mA 

output voltage Io, = 4.0 mA* 
Input leakage li OV <V, <5.25V 
current eae oe, | 
Output biahe Lg eee ( OV <M, <5.25V 


impedance 
leakage current 


Supply current Ic 





Input © C,, 
capacitance ~ all other signals 
Output Cee 

capacitance 


BCIMDE, BCISDE | 


Requirements 
Min. 


2.0 


-0.5 


2.4 


Max. 


0.8 


0.4 
20.2. 


20 


500 


50 
10 
10 


Units: 


pF 





*Open-drain outputs 
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The timing fe thes ac Lee thet follow are measured with a 100-pF c. eapacise load on each of 
the outputs. 

Figures he a ing for the signals used during I bus transactions when the BCI3 © 
is operating as a slave. Figure 15isa ‘aread andi interrupt acknowledge transaction diagram. Figure 16 
is a write transaction diagram. Table il lists the timing sansa tbe for the symbols shown in the 
figures. 












(| appress 














‘Figure 15 « VAXBI 78733 Slave II Bus Read and In errupt Ack pledge Transaction Timing, 
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DAL <31:00> ( 





Figure 16 = VAXBI 78733 Slave II Bus Write Transaction Timing 


Table 11 » VAXBI 78733 Slave II Bus Signal Timing Parameters 


Symbol _ 2 Definition Requirements (ns) 
fag : 2 Address setup time to AS assertion 20 — 
Ge. Address hold time after AS assertion | 20 —_ 
oe Status hold from AS negation 0 a 
treg® °° Status high impedance from AS negation — meee ae he 40 
Cae | WR, BM<3:0>, CS<2:0> hold time from 0 — 
AS negation 

tachi Address high impedance to DS (read-only) 0 —_ 
ore BM <3:0> setup time before AS assertion 20 a 
teens Write data setup time before DS assertion 0 = 
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fai, .. WStevetiontoASnegmion§ . > we. .0 =. 
Tpsp _£ Read data hold time after DS negation _ unormavien V amas aa Qe oo 
tospo . Write pas hold. Gae from BS negation = ; | en shee mete 0 = 











tospz thes iis negation to trad data three-state _ ee = 55 





tweas WR, cs < 2:0 = setup | time I =i oefore 7S assertion res: aa 
“Designed fot but n not tested. , | 
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Figures.17 and. 18 show the ac timing for the signals used during II bus transacti 








tions when the BCI3 


is operating as a master. Figure 17 is a read transaction diagram. Figure 18 is a write transaction 
diagram. Table 12 lists the timing parameters for the symbols shown in the figures. - - 


DAL<31:00> _ 
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< 


mi 
] 
a 





pe 
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= 
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< 








Ie tKeAWE 


| 7 : i = | cc eer 
= iceen 4 
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| || 
Cx l | | 
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ivanyes| = “4 


Figuie 17 » VAXBI 78733 Master II Bus Read Transaction Timing 
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a, ULL pt hts ene 


Figure 18 « VAXBI 78733 Master Il Bus Write Transaction Timing | 





Table 12 » VAXBI 78733 Master II Bus Si 
Symbol Definition | 











fixe Address setup time to AS assertion 20 
tos Address hold time after AS assertion 20 — 


aces AS assertion to read data valid (only if slave asserts 
data RDY before data valid) — 220 


trans AS assertion to data valid _ 105 
ta AS assertion to DS assertion 120 ess 
thane 4S negation to read data high impedance _ 5.0 
toe AS negated width 75 _ 
eee AS asserted width 245 — 
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Caswn AS assertion to beginning of RDY, RDY, ERR, and iz TRY. | 
aici ~ sampling window *: — 70 


tise RDY, ERR, and RETRY hold time from eee of AS “0 — 
tices WR, BM< 3:0>, CS<2:0> hold time from AS neeste 5 —— 
tess ..-«»-« BM<3:0> setup time before AS assertion 20 —_ 











tostw oo “DBE assertion width | 7 135 = 
toons  -—=—=s“ Write data setup time to DS assertion” a ae oe 





torpy . Read data setup to RDY assertion when toa or tom 
ie saheeaaa are not met = 20 _ 





tos» ..-_——-.. ReaddataholdtimeafterDS negation. =... (is s=C0 a 
trite Bs deassertion toDBE deassertion -©- —- 5 





tosop + 4=.~=Ss«s«Ss DS assertion to read data valid when slave asert ROY : = 
before data valid : ff OK eA OP 50 


topspo ~60Csi(<ési‘ «SOW ite dt id time from DS DS negation _ 10 — 
tpspz DS negation to read data high impedance. Se es 10 








tosaw ““DSnegatedwidth === 150. 
tosiw DS assertion width. eee ee ee — 
ee DAL<31:00> ees sates to > DBE assertion 7 | 0 — 
twas ss WR, CS<2:0> setuptimebeforeAS assertion §= 20 £— | 
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Preliminary VAXBI 78733 


Figure 19 shows the DMA request and grant signal timing when the BCI3 requests the use of the II 
bus. Table 13 lists the timing parameters. | 








= i 
. | | = = 
-—'DGASO 
me 


| amt isan? 


HIGH-Z 


thcoal 
toRDZ 
HIGH-Z 


ae HIGH-Z 
KS —S \. ee 
| 7 “ >) toRDZ 
jl 4 


HIGH-Z 
Figure 19 » VAXBI 78733 DMA Request and Grant Signal Timing 


DAL<31: o> HIGH-2 


: 


al 





_ Table 13 » VAXBI 78733 DMA Transaction Timing Parameters 


Symbol Definition Requirements (ns) 
tse DMR deassertion to outputhighimpedance = = ssCS0 _— 
tsps. DMRholdtimefromASassertion = OF || — 
tocaso DMG assertion to AS assertion 210 es 
tienes DMG deassertion to DMR assertion co pe 0 au 
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Preliminary VAXBI 78733 


Figure 20 shows the signal timing for data transfers to and from the retry address latch (egister) 
Table 14 lists the timing parameters. aie 


DAL<31:0> | Xj vatiooata \X VALID DATA | 


- tosrRes 
tDHRLS 


pa — tRLSLW 


tRLSHW 


DATA INPUT 


tRLODZ 





DATA OUTPUT 


Figure 20+ VAXBI 78732 Retry Address Latch Input/Output Signal Timing 


Table 14 = VAXBI 78733 Retry Address Latch Input/Output Timing Parameters 


Symbol Definition | | . a Requirements (ns) 
a | Min. Max. 

ties Data setup to RLS assertion . - | "20° 

tits Data hold after RLS assertion 20 

teas RLS deassertion width 100 

a RLS assertion width 100 

Gin RLOE assertion to valid 60 

trropz RLOE assertion to data high impedance 50 
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: Features 





° Gaon 14pin DIP bapsilar emer circuit. - 





+ Drives 16 clock receivers distributed o over a maximum nL 924 meters of etch 

: Single 5-V power supply _ reso ae ek a i 
- Differential ECL drive outputs to both BITIME +/— and BEI PHASE ae | 

- Uses an externally applied 40-MHz crystal oscillator input 

« Provides TTL outputs and differential ECL outputs 





- Description — 


The VAXBI 78701 clock ey is a ae ba asia DIP P bipolar cae circuit (IC) ‘that 
serves as the clock source in VAXBI systems. The clock driver is designed to drive 16 clock receivers 
distributed over a maximum 5 feet of etch. The device requires only a 5 Vdc operating voltage. 
Figure 1 is a functional diagram of the clock driver. 


GND 
TTL Vee 
asd ECL Vcc 
— BI TIME + 
20 MHz : abies BI TIME — 
TTL “eee ae 
SYNCH | OUTPUT 
ECL | | ENABLE 
COUNTER | 
10 MHz 
TTL BI PHASE + 
oe ~ BIPHASE — 
5 MHz oe 
TTL 
GND ECL. Vec 





Figure 1 = VAXBI 78701 Clock Driver Logic 
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‘Preliminary Rg 8 eg VAXBI 78701 





4 The circuit oetiles differential ECL drive outputs and TTL outputs oth an externally applied 40- 
MHz crystal oscillator. The ECL outputs drive both VAXBI bus BI TIME +/— and BI PHASE + [- - 
inputs. The TTL outputs are not recommended for use in a VAXBI system. 

The VAXBI 78702 clock receiver must be used with each VAXBI clock driver source to arovide the 
proper VAXBI clock receive function if the driving source of the VAXBI clock is also a VAXBI node. 

The clock driver must be at the electrical beginning of the bused clock etch lines. _ 

An output enable included with the device must be used if more than one node can be installed into 
the drive slot of the VAXBI bus. Only one source of clocks in VAXBI systems is allowed and the first 
slot should be wired to enable this device. 


Pin and Signal Descriptions 


The input and output signals and the power and ground connections of the clock driver are : Shown 
in Figure 2. Table 1 poe a summary of the i oe and eulpee signals. 


GND | |1 | ECL Vec 
TTL Vec | BI TIME+ 
TTL 40 MHz BI TIME— 
TTL 20 MHz Veo 1 | EcLouT ENA 


TTL 10 MHz | BI PHASE+ 


TTL 5 MHz BI PHASE— 


GND | ECL Vcc 





TOP VIEW 


Figure 2 = VAXBI 78701 Pin Assignments 


Table 1 VAXBI 78701 Pin and Signal Summary 


Pin Signal Input/Output —_Definition/Function 
3 40 MHz TTL input | 40 MHz TTL—A 40-MHz square-wave input from 
| the clock oscillator. | 
20MHzTTL _iooutput 20 MHz TTL—A 20-MHz square-wave output. 
10 MHz TTL output 10 MHz TTL—A 10-MHz square-wave output. 
5 MHz TTL output 5 MHz TTL—A 5-MHz square-wave output to logic 
. . functions. 
11 ECL ENA input ECL enable—Enables the ECL outputs when at a 


high level. Can be connected to ECL V¢c. 
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9 BI PHASE — outputs BI PHASE + s (5 (5 MHz)—Differential ECL out- 
10 BI PHASE + | puts for the phase signal inputs to the VAXBI 78702 
clock receiver and VAXBI bus. 











12  BITIME-— output =  ~—s&BITIME +/— (20) ifiz) Differential Ee ECL oat 
13 BI TIME + : oa abe time facet inputs to the VA BI 78702 LEW 
2 TIL Veg | input TTL Sean a supply voltage to TTL re 
8,14 ECL V¢, » input j ECL voltage—Power supply voltage to ECL logic. 
1,7 GND* - input Ground—Common ground. teference. _ 





*The two GND pins are not connected internally. 


- Application 


A typical VAXBI clock driver and clock receiver system pan erin is shown in Figure a The 
clock driver receives the 40 MHz TTL input from an external clock oscillator. An internal 3-bit 
synchronous ECL counter provides the differential 5-MHz BI PHASE +/— ECL outputs and 
differential 20-MHz BI TIME + [= outputs for the clock receiver. It also supplies a 20-MHz, 10- 
MHz and 5-MHz TTL square-wave output. Refer to the VAXBI 78702 clock receiver for a 
description of the VAXBI 78702 clock receiver functions. 2 - 








en : VAXBI 
BCIPHASEH =| — 78702 
= BCIPHASEL | 


BCI TIME H CLOCK | 
BCI TIME L } RECEIVER 


XTAL j Y 
OSCILLATOR | 


Figure 3 » VAXBI 78701 Clock Driver with VAXBI 78702 Clock Receiver System Configuration 


vaxsi BUS 








“TP prTimMe+ 
“| BETIME — 





78701 


BIPHASE*+ — 





| CLOCK | 
| DRIVER |[ 
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VAXBI 78701 





Table 2 lists the relationship of the i input and output levels of the VAXBI 78701 clock driver, The 
states of thei ae and ss at startup time. are not defined. 


__. Table 2 + VAXBI 78701 i Inpor a and Outpar Signal Levels 
TTL Input TIL Outputs : ECL Outputs 


40 MHz 20 MHz 10MHz 3 MHz. BIPHASE + BIPHASE-  BITIME ‘ BI TIME - 
L L a a ae L H L 
H.-L L L-..H L H L 
L He =i. dies L L H 
H H L L H op a H 
L i H L H L H E 
H L n° H L H i 
L H H L H L L AS 
H Ho» L H bee L iH 
L L L er H H ae 
He i0L as. DL: Ie oie He H L 
L es: L i: eee One OH: L H 
H H L HL H L H 
L L H HL H H L 
H Ly, of HL H H L 
L H H H L-. H L H 
H H H H ae H L H 
- Specifications 


The mechanical, electrical, and environmental characteristics and specifications for the clock 
driver are described in the following paragraphs. The test conditions for the electrical values are as 
follows unless specified otherwise. 


« Power supply voltage (V,,): 5.0 V +5%. 
= Temperature range (T,): 0°C to 70°C © 
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The physica dimensions of the 78701 14-pin CERDIP package are contained i in 1 Appendix a 


Absolute Maximum Ratings 

Stresses greater than the absolute maximum ratings may cause permanent damage to the device. 
Exposure to the absolute maximum ratings for extended periods may adversely affect the 
reliability of the device. ‘“ 


« Power supply voltage (V. cc)? 7.0 Vv 

- Input voltage applied: — 1.5 V to 7.0 V (40 MHz TTL) 

~ = Output voltage applied: 3.0 V to 7.0 V (Differential ! fa ) 

- TTL output applied current: 40 mA (low state) — te ee 








- Active temperature (T,): 0°C to 70°C 8 ete 
= Storage temperature: ~55°C to 125°C ais 


Recommended Operating Conditions 
- Power supply voltage (Voc): 5 V +5% 
« Ambient temperature (T,): 0°C to 70°C 


- Input frequency: 0 to 50 MHz 





= Power dissipation: approximataly 500 mW (no load) 


The dc siete parameters of the clock driver fee thee ispetiting voltage and temperatt 

specified and when at thermal equilibrium are listed in Table 3 and 4. All dc foc sat al 
including capacitance values, pertain to packaged parts. Table 4 lists the TTL input and output 
parameters and Table 5 lists the ECL input and output parameters. Figure 4 shows the dc test 
circuits use for the measurements. The ECL output load resistor values used to test this device are 
not the same as the VAXBI clock termination — Aes eS 
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- 


Tin 


Vic 


Linsv 


~~ High-level 


input voltage 
Low-level 
input voltage 


High-level 
input current 


Low-level 
input current 


Input clamp 


voltage 


High-level 
input current 
breadown 
Input 
capacitance 


High-level 


output voltage 


_ output voltage 





Table 3 = VAXBI 78701 de TTL Input and Output Parameters Sr Ten oo 
a Requirements = Unit 


Test Conditions _ 


Voc =5:25'V 


Pin 3 

Voec™ 35.29 V 
Pin 3 . 
Vin=2.7 V 


Pin 3 

Vu =0.5.V 
Voc = 5.25 V 
Pin 3 
I,,=-18 mA 
Vee = 5.29 V 
Pin 3 


View? V 


Vee™5.29 V 
Pin 3 
Pin 3 
lo=los max. 


Pins 4-6 
“1p=20mA 
Vea gv 
Pins 4-6 








nr Caio ak 





Tou’ 


Iou' 


Ios’ 


Tec 


High-level 


output current 


Low-level 


output current 


Short circuit 


output current 


Power supply 
current 


Vo = Ving min. 


Pins 4-6 


Vo™ 0.5 V 
Vee =4,75 V 
Pins 4-6 
Vec=5.25 V 
Pins 4-6 
Vec= 5.25 V 


No load 
Pin 2 


— -1000..~—sawA 


20 ~ mA 


~25 -150 mA 


— 100 mA 


‘Testing either (Voy and Vo,) or (Ipy and Io,) satisfies these requirements. 
?TTL outputs shorted to GND, ECL outputs shorted to V¢c, or either outputs open a maximum 
duration of 5 minutes. Ips is current into the output pin when the input conditions cause the 


outputs be a logic one before the application of the short. 
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VAXBI 78701. 


Table 4 = VAXBI 78701 de ECL Output Parameters 








Symbol Parameter Test Conditions’ Unit 

Vee Differential Load A mV 
output voltage oe 

Vig High-level Load A 3.5 4.3 . 
output voltage | 

a Low-level Load A 2.8 | 35.73 N 
output voltage . | on | 

Ioy’ Output disable Vo2= 4.5 V a ie 
current ~ Load B | : 

V ous High output Load A 35 43 Vv 
stress voltage ~ Replace 110Q with 60Q : | 

Vots Low output  LoadA 2.8 | 3.5 V 
stress voltage Replace 110 Q with 60Q , 

Ces Disabled output — 6 pF 
capacitance 


‘Pins 9 and 10, 12 and 13 for all measurements 
?V op is 318 mV as measured in Figure 4 across points A and A’ of ECL load. 

Perform with pin 11 grounded, pins 1 and 7=GND, and TTL clock input (pin 3). high. Also 
performed with pins 2, 8, and 14 grounded and at 5.0 V. 

‘Difference in output capacitance (Cy, + minus Cy,—) =2 pF 
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Vec 









id 
i] 
Vcc 
VAXBI 9,10,12 
78701 OR 13 
A Voz 4.5 V 


LOAD B 


Figure 4 = dc Test Circuits 
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Preliminary 





ac Electrical Characteristics 

The timing symbols and waveforms for the propagation delays are shown in Figure 5. The timing 
symbols and waveforms for the output signals are shown in Figure 6. Table 7 lists the symbols and 
parameters. All measurements are made when the chip is at thermal equilibrium. All ac 
specifications, including capacitance values, pertain to packaged parts and apply when all outputs 
are loaded and switched simultaneously. The ac test circuit configuration is shown in Figure 7 and 
TTL and ECL load circuits are fein in Figure 8. 


INPUT 
PIN 3 


PINS 


9,12 


- PINS | 
10,13 





NOTES: 
1. LOAD OUTPUTS PER FIGURE 8 
2. INPUT RISE AND FALL TIMES EQUAL 1.0 ns 


Figure 5 = VAXBI 7 8701 Propagation Delay Timing 
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Symbol 


tpn2 
tp 
es 
tskwi 
tskwe 
tpn: 
tr 

tp 
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A 
PINS 
- 9(12) 


B 
PINS 
10(13) 


tsKW1= GREATER OF [A -B] OR [B -A] ABSOLUTE VALUE 


A 
PINS 


9(10) 


B 
PINS 
12(13) 


tskW2 = GREATER OF [A -B] OR [B -A] ABSOLUTE VALUE 


Figure 6 = VAXBI 78701 Output Signal Timing 


Table 5 = VAXBI 78701 ac Timing Parameters 


Parameter Requirements (ns) 
Min. Max. 
Propagation delay . — 10 
TTL output rise time (Vo, max. to Voy min.) ~ 8.0 
TTL output fall time (Voy min. to Vo, max.) — 8.0 
Single differential output skew — 1.0 
Differential output to output skew — 1.0 
Propagation delay — 12 
ECL output rise time (30% to 70%) 0.5 2.5 
ECL ouput fall time (30% to 70%) 0.5 2.5 
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VAXBI 78701 








Preliminary VAXBI 78701 






2.8 1114, 


Figure 7» VAXBI 78701 ac Test Circuit 





PINS ote 
TTL LOAD 
MR-0286-0258 
PINS as 
SCOPE 
10,13 TO 502 SCO 
33 pF 
PINS 
9,12 
60 2 
TO 502 SCOPE 
ECL LOAD 


Figure 8 = VAXBI 78701 ac Load Circuits 
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» Features 
= Custom bipolar 16-pin integrated circuit used by all VAXBI nodes 
= Receives the differential ECL BI Time + i= - ang BI PHASE +/- signals 


Single 5-V power supply 
- Approved for use in the VAXBI corner sppliain 


- Description 


The VAXBI 78702 clock receiver is a Siewic taille bipolar staal eer circuit (IC) that must 
be used by all VAXBI nodes to receive the differential-ECL BI TIME + /- and BI PHASE +/- 

signals. The device requires only a 5-V ¢ operating voltage. | | 

The clock receiver provides both true and complement TTL levels of both received differential 

VAXBI signals to the adapter. It is approved for use only in the VAXBI corner application. Figure 1 

is a functional diagram of the clock driver. 















BCI TIME H TTL Vec 
— BCI TIME L 


ECL Vcc — 
“18 UNUSED 


BITIME +) LS 


BI TIME — ieee © ele eee. 
_}_— UNUSED 


BI PHASE + _— dee 
BI PHASE - _ 


“GND 


BCI PHASE H 


i igure 1+ VAXBI 787 02 Clock Receiver Logic — 
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The input and arpa signals and hey power and onda connections ae the dock fn receiver are | 
shown i in Figure 2. cae 1 provides a mammary of the i input and norEuS signals. 


ECL Vcc | 


BI TIME + 
BI TIME — 


BI PHASE + 


BI PHASE — | 


Gnd | 


BCI PHASE H 





Tjs = af Jono 


TOP VIEW 


Figure 2 = VAXBI 78702 Pin Assignments 


Table 1 * VAXBI 78702 Pin and Signal Summary 


Pin _ Signal Input/Output 
3 BITIME+ inputs | | 
4 BI TIME — ren i 

p) BIPHASE+ inputs — 

6 BIPHASE- | 

1 BCI TIMEH outputs 

15 BCI TIME L | 

8 BCI PHASE H outputs 

10 BCI PHASE L 

13,14 Notused 

2 ECL Vee input 

16,11 TTL Vec input 

1,9;12 GND* input 


*GND pins are connected internally. 
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Definition/Function 


BI TIME+/— (20 MHz)—Differential ECL inputs from 


the VAXBI 78701 clock driver. 
BI PHASE +/— (5 MHz)—Differential ECL inputs from 


| the VAXBI 78701 clock driver. 


BCI TIME and BCI TIME (20 MHz)—TTL square-wave 
outputs to the BIIC and master and slave interfaces. 


BCI PHASE and BCI PHASE (5 MHz)—TTL square- 
wave outputs to the BIIC and master and slave interfaces. 


ECL voltage—Power supply voltage to ECL logic. 
TTL voltage—Power supply voltage to TTL logic. 


Ground—Common ground reference. 
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- Application 


VAXBI 78702 


A typical clock driver and clock receiver ceatiguation is shown in Figure 3. The clock driver 
receives the 40 MHz TTL input from an external clock oscillator and supplies the differential ECL 
BI TIME +/+ and BI PHASE +/+ inputs to the clock receiver and to the VAXBI bus. Refer to the 
VAXBI 78701 clock driver for a description of the clock driver functions. The differential ECL 
signals are received by an internal gate structure in the clock receiver. The ouputs are converted to 
TTL levels and provide the BCI PHASE H and BCI PHASE L. and BCI TIME H and BCI TIME L 
signal timing information to the VAXBI 78732 Bus Intercot r ect Interface (BIIC) and master and 


slave interfaces. 











VAXBI | 
78702. | 





CLOCK —* 


BI TIME + 
_ BL TIME — 


|. BLPHASE + 






CLOCK 
| DRIVER 





Figure 3 = VAXBI 78702 Clock Receiver with VAXBI 78701 Clock Driver Configuration 


- Specifications . 





VAXBI BUS 





; | RECEIVER te 









BIPHASE— 


The mechanical, electrical, and environmental characteristics and specifications for the clock 
driver are described in the following paragraphs. The test conditions for the electrical values are as 
follows and are performed when the chip is at pee equilibrium unless specified otherwise. 


« Power supply voltage (V.<): 5.0 V +5% 
2 Temperature : range (T,): 0°C to 70°C 


Mechanical Configuration 


The physical dimensions of the 16-pin dual-inline (DIP) package are contained in a E. 
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ota Preliminary VAXBI 78702 


Absolute Maximum Ratings : 
Stresses greater than the absolute maximum ratings may cause permanent damage to the ae 


Exposure to the absolute maximum ratings for extended periods may adversely affect the 
reliability of the device. | | 


: Power supply voltage (V¢<): 7.0 V 

- Input voltage applied: “15 V to 7.0V 

« TTL output applied current: 40 mA (low state) 
« Operating junction temperature (T,): 125°C 

« Storage temperature (T;): -55°C to 150°C 


Recommended Operating Conditions 

_* Power supply voltage (Vcc): 5 V +5% 

= Ambient temperature (T,): 0°C to 70°C 

« Input frequency: Limited only by tp, and tpyy (Table 5) 
= Power dissipation: approximataly 160 mW 


dc Electrical Characteristics _ 

The dec electrical parameters of the clock receiver for the operating voltage and temperature ranges 
specified and when at thermal equilibrium are listed in Table 2 and 3. All de specifications, 
including capacitance values, pertain to packaged parts. Table 2 lists the ECL input parameters and 
Table 3 lists the TTL output parameters. Figure 4 shows the dc test circuits use for the 
measurements. 


Table 2 « VAXBI 78702 de ECL Input Parameters 


Symbol Parameter Test Conditions Requirements = ~—- Unit 
bo - High-level Vee 5.25 V ~ x —_ * 150 -.2 pA 
Input current Vi,+4.5 V ete “SG : 
| Complement input = 4.3 V | | 
La — High-level Vcc=GND oe 3.0 mA 
| input current V,=4.5 V 
Nag = -, 0 V | 
In! .- Low-level Veg =5.25V. | = 150 pA 
input current Vin =2.8 V 
Complement input = 3.0 V 
Va" Differential Pins 3 to 4, 5 to 6 200 — mV 
threshold 
voltage 
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Symbol Parameter Requirements . Unit 
ae vb | Min. Max. 

Nai" Common mode : 2.8 45 V 
voltage | Ps oe eee ea ee 

Curr’ Common mode | Cee? AO), — dB 
rejection ratio 5 Guay, : 

Le Power supply Veg = 5.25 V. oe i ee mA | 

C7 —Singleended =5=5= = toGND- se ——t—“—C SS™:CO SC 
ame ose ee ale ia a Cig oc: 7 haky 
capacitance | 


1Other gate at valid logic state. 
Tested at V,,=2.8 V, 3.55 V, AN Woe een ee ee 0 V, 3.75 V, and 4.5 V, 
respectively. 

Outputs are guaranteed to be within Vo,/Voy limits if both i input are withi: 





common mode range 
and if minimum differential input voltage is applied. 

‘Cyr is the range of total input voltage through which the’ butblat vil respond to the minimum 
differential input voltage. = «© | 

>Cume is the ability to reject the Gest of voltage applied to both inputs simultaneously. A Cyge of 40 
dB means that a 2 V common mode voltage is processed by the device as baa a it were an additive 
differential input signal of 20 mV. -_ | 

‘I¢¢ is measured with the device ina quiescent state and with no load atiedied. 

"Difference in output capacitance (C,, + minus C,,—)=0.7 pF 


Table 3« . VAXBI 78702 dc TTL Output Piraineiérs 


Symbol Parameter test Conditions Rosuicenlemts : Unit 
Vet High-level = Voe=4.795V 26 | = V 
output voltage Vaite= 200 mV 
I, =Ioq max. : 
Vou! Low-level Vec= 4.75 V —_- 0.5 V 
output voltage aie = 200 mV 
I,=20 mA 
Tou? High-level Vec=4.75 V —_—— ~1000 A 
output current = V aie = 200 mV 


Vo= Vox min. 
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Preliminary _ VAXBI 78702 
Symbol Parameter Test Conditions Requirements  — Unit 
| - Min. Max. 

La Low-level Veco = 4.75 V 20 — mA 

output current Vate= 200 mV 

| Vou: = 0.5 V | 

LE Output short- ~25 -150 mA 

circuit current 


‘Testing either ve and Vo, or Ip, and Ig, is sufficient to satisfy these pecuitenic ats. 
?TTL outputs shorted to GND or open do not affect the impedance of differential inputs. Ig, is 
defined as current into output pin when the input conditions cause a logic one at t the outputs 


before application of the short. 


NOTES: 








lon, 'ot, You, Yor 


1. Vec= GND FOR tj45 TEST 
2. PINS 13 AND 14 ARE UNUSED 


Figure 4 = VAXBI 78702 de Test Circuits 
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The timing se chats for the ECL and TTL signal ‘are shown in Figure 5. Table 4 lists 
the symbols and parameters. The ac test circuit configuration is shown in Figure 6. 


Table 4+ VAXBI 78702 ac Timing Parameters 
Symbol Param eter : : e pon ea cantatas red . ! Requitemen ts (ns) 
: | Serna ol Min. 





ae Delay ECL to TTL output leading edge eencsncas that 1.5 6.0 





tp Output £ fall ti oW, or Max. to Vasa max. hs SUATU ABAD EET 5.0 





te Output fall time (Voy min. to Vo, max.) | “Ss 5.0 
tes; Single output skew on individual outputs _ 4.0 
tsxw2 Output to output skew (output to-an other) — 4.0 


Vuse* Vec noise immunity ‘Z oe: a 0.25 Vv — 


P/pF Propagation delay vs capacitance | eee 40 
over the 0 pF to 100 pF range : 








*Noise immunity is such that the TTL output levels of odin receiver are not affected due to additive 
noise on Vcc. The noise voltage i is specified over Vasa ¥ volts of additive noise.’ 
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~ PINS 35), 4(6) 
ECL ; 


3.3V 


PINS § 1(8), 15(10) i/ 
TO. “1.5V 


1. ALSO MAKE MEASUREMENTS REVERSING A AND 8." 
2. ‘SKW1=GREATER OF ‘PHL —tPLH MEASURED FOR PINS 1, 8, 10, AND 15. 


3, THIS TEST GUARANTEES WAVEFORM SYMMETRY me A GIVEN Vcc 
AND AMBIENT TEMPERATURE.. 


ONE ~ 
OUTPUT 


OTHER | 
THREE 
OUTPUTS 





1. ‘sKW2 IS THE GREATER OF SIX ABSOLUTE VALUE MEASUREMENTS. 


2. THIS TEST GUARANTEES MAXIMUM SKEWS ON A GIVEN BOARD (ONE 
RECEIVER) AND IS FOR A GIVEN Vcc AND AMBIENT TEMPERATURE. 


Figure 5!= VAXBI 78702 Timing Waveforms 
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VAXBI 78702 


Ri = 450 





‘ | TO 502 
— ° ' | 
B P: 15(10) amg 
° . ae ° Cl = 50pF —— 
Vref 
3.7V 
RI = 450 2 


ee 


Figure 6 = VAXBI 78702 ac Test Circuit 
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- Features _ 


* Used with the DC004, and DC005 circuits to implement a program control device interface. 


= Used with the DC004, DCO0S, DC006, and DCO10 circuits to eanerpn a direct ney access 
interface. 





- Provides two device-interrupt channels. 
= Performs a pass-the-pulse interrupt transaction. 


« Includes Q-bus drivers and receivers. 


Description 


The DC003 dual-interrupt circuit, contained in an 18-pin, dual-inline package (DIP), is used in the 
development of device interfaces for the 6. bus. The simplified logic a of the DC003 is 
shown in Figure 1. 


Vcc , ENA ST 





ROSTA 
ENA DATA 
ENA CLK 
BIAKI BIAKO 
BINIT 
eee BIRO 
BDIN 
ENB ST 
VECTOR 
ENB DATA 
ENB CLK VEC ROSTB 
ROSTB 
INITO 


Figure 1 = DC003 Simplified Logic Diagram 
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It provides the circuits to perform an interrupt transaction in a computer system that uses a 
daisychain type of arbitration. It includes two interrupt channels; channel A and B, each of which 
can generate an interrupt request from a device that requires service. The A interrupt logic is 
assigned a higher priority than the B interrupt logic. Input signals from the bus are received by 
high-impedance receivers on the DC003 and signals from the DC003 to the bus are supplied by 
high-current, open-collector driver outputs. The signals levels between the bus and the DC003 are 
compatible. When a device connected to the interface is not requesting service, the signal from the 
polling device or processor is passed through the DC003 logic to the next device on the bus. The 
DC003 circuits includes enable logic and provides interrupt status information to the requesting 
device. 


- Pin and Signal Descriptions — 


This section provides a brief description of the input and output seal: and power and A grcusid 
connections of the DC003. The pin assignments are identified in Figure 2 and summarized in 


Table 1. 












VECTORC]1 @ 18DVec 
VEC ROSTBE2 17 DROSTA 
BOING 3 16 CJENA ST 


INTOC4 — 15 DENA DATA 
BINTOS | 14 DENA CLK 
-BIAKOC|6 © 13 ENB CLK 
12 DENB DATA 
11 ENB ST 
GNDC9 10 rastB 





TOP VIEW 


Figure 2» DC003 Pin Assignments — 
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Pin 
1 


2? ; 


‘Signal 
_ VECTOR 





Table 1 - DC003 Pin and Signal Summary 


output’ 


VEC RQSTB output! 





ition/Function 

Interrupt vector gating—Asserted by the DC003 logic to gate 
the appropriate vector address onto the bus. This signal forms 
the bus signal BRPLY. 


Vector request B—Asserted by the DC003 logic to indicate 
that the RQSTB service vector is required and not asserted to 
indicate that the RQSTA service vector is required. This signal 
is normally bit 2 of the vector address. 





BDIN __ 


input? 


Bus data in—Asserted by the master to indicate that an 


interrupt operation is occurring and always peer a BIAK 
signal. . | 





10 


BIRQ 


GND _— 
RQSTB 


. ENB ST 


-. output’ 


input? 


input? 


output? 


input 


input? 


output’ 


Initialize poe hk buffered BINIT BINIT signal from the bus sed to 
_ initialize the DC003 logic and user device logic 


Bus initialize—Asserted by the bus to initialize the DC003 
logic and device interface logic to a known state. 


~ Bus interrupt acknowledge output—Asserted by the DC003 


logic to pass control to the next device on the bus if the device 
connected to the DC003 does not require service. Once 
asserted, it remains passed until the next BIAKI signal is 
generated. 


Bus interrupt acknowledge input—Asserted by the processor 
in response to the BIAKO signal. The first requesting device 
prevents the BIAKO signal from being transferred to other 
devices on the bus and. nonrequesting devices will pass the 
BIAKO signal to the next device. The leading edge of the 


BIAKI signal clears the BIRQ signal from the DC003. 








Bus interrupt request—Asserted by the DC003: logic to 


indicate that the associated device is requesting an interrupt. 


This signal is asserted when the RQSTA signal and the ENA 
DATA signal from the device is asserted. It is cleared when the 
request signal is removed or on the yeadiog edge of the BIAKI 


signal after the acceptance of the BDIN ‘signal. 





_ Ground—Common ground nfclende a 


Device i interrupt request B—Asserted by a ee requesting 
an interrupt when the device has asserted the ENB DATA 
signal. It results in an interrupt request on the BIRQ line that 
normally remains asserted until the interrupt request is 
granted. 


Interrupt enable B status—Indicates the status of the inter- 
rupt enable B flip-flop on the DC003. 
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dlilgli|tlal! DC003 





Pin Signal — Input/Output Definition/Function 
12 ENBDATA input! Interrupt enable B data—Asserted by a device to enable the 
: transfer of data. | | 

13. ENBCLK input’ A clock pulse from a device that enables the interrupt enable 
B flip-flop to assume the state of the ENB DATA signal. 

14 ENACLK input! A clock pulse from a device that enables the interrupt enable 
A flip-flop to assume the state of the ENA DATA signal. 

15 ENADATA input! _ Interrupt enable A data—Asserted by a device to enable the 

| transfer of data. | 
16  ENAST output’ Interrupt enable A status—Indicates the status of the inter- 
| rupt enable A flip-flop on the DC003. 
17 RQSTA input? Device interrupt request A—Asserted by a device requesting 


an interrupt when the device has asserted the ENA DATA 
signal. It results in an interrupt request on the BIRQ line that 
normally remains asserted until the interrupt request is 





| granted. 
18 Vee input Voltage—Power supply dc voltage 
'TTL level 
*high-impedance 


>open-collector 


Application Information 
Refer to the Chipkit Users Manual LSI-11 Bus siede Chips (document no. EJ-01387-92) for general 


application information. The Q-bus is an LSI-11 bus. 


Specifications 


The mechanical, electrical, and environmental characteristics and specifications for the DC003 are 
described in the following paragraphs. The t test ete the electrical values are as follows 
unless specified otherwise. 


« Operating temperature (T,): 0°C to 70°C 
- Supply voltage (V¢,): 5.0 V +5% 


Mechanical Configuration — | 
The physical dimensions of the DC003 18- -pin DIP package are contained in Appendix E. The 
materials and construction of the molded DIP are defined in Digital Specification A-PS-1900002-GS. 


Absolute Maximum Ratings 

Stresses greater than the absolute maximum ratings may cause permanent auaiaae to the device. 
Exposure to the absolute maximum ratings for extended periods may adversely affect the 
reliability of the device. . 
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° Supply voltage (V,): 7.0 Vets 
= Input voltage (V,): 5. 5V- 
« Operating temperature Ts 0°C to 70°C . 








« Storage temperature (T;): -65°C to 150°C ~~ 


Recommended Opcuane Conditions : Wy a ene anes 
- Supply voltage (V¢<): 4.75 V (minimum), 5.0 V Gama 5. 25 Ve maximum) 
+ Supply current (co: 40mA (maximum) 





- Free-air temperature: 0°C to 70°C | 
_ © Relative humidity: 10% to 95% (noncondensing) 


dc Electrical Characteristics 
The de electrical characteristics of the DC003. for the operating voltage and temperature ranges 
specified are listed in Tables 2 through 4. “Table 2 lists the de specif ications of the TTL input and 
output circuits that do not connect to. ‘ bus. ‘Table 3 ae the de specifications for the high- 
pedance receivers that connect to the LSI-11 bus. Table 4 lists the dc specifications for the open- 
collector driver outputs that connect to othe bus, meters to 9, Spreadix, Cc for the test circuit 
configurations referenced i in the tables. 











Parameter Symbol Test Condition © Requirer 








High-level Vin 
input voltage par oe | vi 
Lowlevel 8 Va VERY 9g Vv nye 
input voltage GM icici 

Inputdamp V, ~ Vec=4.75 V ten 222° OV 2, OF ee 
voltage ,=-18 mA Ad a Moraes Tce 
High-level Mon VeeH4.7V00 2 2T 2 ac 
output voltage Ip=-1.0 mA Bue a 
Low-level Vo Vec=4.75 V = 0.5 “i eY OL ae fear 
output voltage Ip5=20 mA 

Input current I, Veot5.29V —_ 1.0 mA C4 

at maximum V,=5.5V : 

input voltage 

input current . V,=2.7 V' 
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Parameter | | | Symbol Test Condition Requirements . Units Test. 


Min. Max. _ Circuit 
Low-level — | Vee=5.2> V- —_— 0.55 — mA C5 
input current V,=0.5 V2. | 
Short-circuit Le Veco =5.25 V? -40 -100 mA C6 


output current 
Supply current — gc Vec=5.25 V = 140 «mA C7 


‘Tu = 100 pA at pins 12 and 15. 

1,-2.0 mA at pins 12 and 15. | 

>Not more than one output shall be short circuited at a time an the derstioh of the short must not 
exceed 1 second. 

‘Does not apply to pin 4. 


“Table 3 DC003 High impedance Bus Receiver Parameters 


Parameter - Symbol Test Condition Requirements ~ Units Test 
_ | Min. Max. ae Circuit 
High-level Vin Vec=4.75 V 153 9=— V Ci,C2: 
input voltage Vin Vee = 5.25 V 1.70 — V C1,C2 
Low-level Ve Vec = 4, i V _ 1 30 V C EG2 
input voltage Vit Vec=5.25 V — 1.47 V C 1,C2 
Input clamp Vi Vee = 4.75 V - a -12 V C3 
voltage | — |,=-18 mA ib se ' | ere 
V, Vee = 4.75 V a 6.25 V Cs 
: ; J, =18 mA! oo | 
High-level a Vee = 0 V — 40 pA C4 
input current | V,=3.8V? | | 
| Nec a 5.25 V = 40 A 3 C4 ; 
Low-lev el 1 Néo = 0 V —- = 10 pA C5 
input current V,=0.5 V? | 
In Vee=s.25V 2 — | -10 pA C5 
_1Pins 10 and 17 only. 


Exclude pins 10 and 17. 
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Table 4 = DC003 Open-collector Bus Driver Parameters | : 





Parameter Symbol | 
Output reverse lor 
current 

Low-level Vou 
output voltage 

ac Electrical Chatacteristics 


Test Condition Requirements Units | Test 
Min. Max. Circuit 
Vec=4.75V  — 25 BA C1 
Von = 3-5 V | ' oe 
Voc=4.75V — 08 : 3. 
Lik = 70 mA | aoe eee 
iia | Per Sy | aeemaaa aan: 5, A a ' alae 07. 


The input/output signal timing for the interrupt wee Ais done in Figure 3. The input/output 
signal timing for interrupt logic A and interrupt logic B is shown in Figure 4. Refer to Appendix D 
for the standard input voltage waveforms and for the signal propagation delay measurements. The 
load circuit configurations used in measuring the TTL outputs and open-collector outputs are 


shown in Figure 5. 





ENA DATA 


ENACLK 30 MIN—*t 


| 
| | 
BIAKI 35 MIN—# k- | 35 mints cc .- 


ms 


BIAKO 


] 
ra : 

| | 
VECTOR 10-45— fe > 10-45 
| | 


12-55—e fe -ol 12-55 
~~ ' 


Figure 3 = DC003 Interrupt Logic A Signal Timing 
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DC003. 





ENB DATA 


ENBCLK 30MIN 


| — 
a | F ; 
t 
| 
1 
ENBST —s7-30- F— 
aes a 





7 | 
z | 
ENA CLK 30 abies F- | 





SIAR | | 35 MIN—»; 


VECTOR 





| 
oe, 
= 
i 


| ri 
VEC ROSTB 15-65 | 15-65 


Figure 4 » DC003 Interrupt Logic A and B Signal Timing 
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TEST 
Vcc 
2802 
FROM 
OUTPUT 
FALL 
DIODES 
FD777 
LOAD A OPEN-COLLECTOR CIRCUIT LOAD B TTL CIRCUIT 


Figure 5 « DC003 Output Load Circuits 
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. Features - : 


= Used aan om DCO003, DC00S, and C006 citcuits to Pa nery a program control device 
interface. 


* Used with the DC003, DC005, DC006, and DC010 circuits to implement a direct memory access 
interface. 


- Controls data transfers to and from as a as Scat oer pe registers. 
: Provides variable-delay logic for device r response to ttqnsfét eis taeda 


* Includes Q-bus drivers and receivers:: 


- Description 





The DC004 register selector, conse a in a 20-pin dick inlir e package (DIP), ceetes the signals 
to control the transfer of data to and from as many as four word registers (8-bytes). The Q-bus 
signals directly connect to high-impedance receivers and to high-current drivers on the DC004. A 
resistor and capacitor circuit (RC) is included to delay the response of the peripheral interface to the 
data transfers. An external RC network can be added to vary the delay time to conform to the 
device requirements. Figure 1 is a simplified logic diagram of the DC004 which includes bus 
latching circuits, enable logic, and a decoder used to select the registers. 





BSYNC P 
SEL 6 
BDAL 2 
SEL 4 
| DECODER 
BOAT Set 2 
SELO 
BOAL O 
BS. OUTHE 
oF OUT TB 
) ) RXCX 
<C_-q > >0 
Dy eee 
s50UT —a > 


Figure 1» DC004 Simplified Logic Diagram 
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+ Pin and 1 Signal Descriptions 


This section provides a brief deeiceoa of the i input and output ial and power and ground 
connections of the DC004 20-pin DIP. The pin assignments are identified in Figure 2 and the 
summarized in Table 1. The signal names shown in the diagram are for the condition where the 
DC004 is connected to the internal three-state bus of the DC005. } 





vecTorq]1 @ 201 Vcc 

BDAL 2 (] 2 19 ENB 

BDAL 7 (3 18[7] RXCX 

BDALOCI4 17) SECO 

BWTBT Cj 5 16) SEL 4 

BSYNC( 6 15(C) SEC 2 

BDINL7 14) SELO 
BRPLY(]8 13] OUT TB 
BDOUT LE 9 12] OUT HB 


TOP VIEW 


- Figure 2» DC004 Pin Assignments : 
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"Table 1 = DC004 Pin and Signal Su 
Ingee/ Ourpat Definition/Function 


input" 








Interrupt vector gating—Asserted by the scteenipe ae 
(DC003) to gate the appropriate vector address onto the 


bus. This signal gen 





bus after a time delay. selected a the RC network con- 
nected to pin 18 (RXCX). 





2-4 





input’ 


input? 





select one or more ee it 8-bit nccisieis eoaneced to ihe 


SEL 0, SEL 2, SEL 4 and SEL6 lines. 


Write/Byte—Selects a byte or word operation when th 
BDOUT auflgpal, is ferred o WTB asserted = = byre, 








is wed aa aT eB select a low-byte or higt 


output. 





10 
i1 


13 
14 
15 
16 
17 


18 





BDIN 


: 





_ input? 


input? 


output?” 


input 


output’ 


outputs’ 


outputs’ 


output? 


- ail the outputs except the 


_ Bus reply—Asserted by the 
data is available on the BDAL 


_. Bus data, out—Asserted by 
- device data i is ¢ 


_ In word—Asserted to gate the data from a selec! 


| Bus synchronize—Asserted by the bus master to atic | 





dress is on the] bus. When unasserted, it disables 


: vector generated output of 








BRPLY. 


Bus data Go Ase fe ie a aie to fleck a data 
input transaction when the BSYNC signal is asserted. It 
generates the BRPLY output ane the ais circuit and 
the INWD output. 





labeve: divion to “tndicaie Hat 
bus or that the device has 
accepted output data from the bus. | 











the Novos io. ) indicate | that 


al vailable « on the B DAL lines. 





Ground— Common ground connection 





d — 
to the bus. 


Out low-byte, Out ii } by . 





high-byte, or both bytes of ewe data from the selected 
register onto the bus. 


Select decoder 0, 2, 4, and 6 output lines—Selects a word 
register for a data transaction. 


External RC node—The value of the resistor and capacitor 
network connected to this pin determines the delay of the 
BRPLY signal. 
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Pin Signal l ss Input/Output Definition/F unction 








19 ENB | input" ~ Enable—Asserted to enable the SEL 0, SEL 2, SEL 4, and 
Aon 4h : SEL 6 outputs.of the decoder and the address, term of 
BRPLY. | 
20) Voc - input _ Voltage—Power supply dec voltage 

‘TTL level | : 
*high-impedence _ 


5open-collector 
‘connected to V., through an 8500 resistor 


- Application Information 


Refer to the Chipkit Users Manual LSI-11 Bus inchace Chips (document no. EJ-01387-92) for general 
application information. The Q-bus is an LSI- 11 bus. 


- Specifications 


The mechanical, electrical, and environmental characteristics and specifications for the DC003 are 
described in the following paragraphs. The test conditions for the electrical values are as follows 
unless specified otherwise. 


= Operating temperature (T,): 0°C to 70°C 
- Supply voltage (V.,-): 5.0 V +5% . 


Mechanical Configuration 
The physical dimensions of the DC004 20-pin DIPa are contained in Appendix E. The materials and 
construction of the molded DIP are defined in — Specification A-PS-2100002-GS. 


Absolute Maximum yeas | 

Stresses greater than the absolute maximum ratings may cause permanent acne’ to the devick. 
Exposure to the absolute maximum mane for extended periods may adversely affect the 
reliability of the device. 


« Supply voltage (V,,): 7.0 V 

- Input voltage (V,):5.5V 

- Operating temperature (T,): 0°C to 70°C 
;: ‘Storage temperature (T,): -65°C to 150°C 
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Recommended Operating Conditions 

= Supply voltage (Voc): 4.75 V (minimum), 5. 0V (normal), 5. 25 V. (maximum) 
« Supply current (Icc): 120 mA (maximum) — 

« Free-air temperature: 0°C to 70°C 

Relative humidity: 10% to 95% (noncondensing) 


de Electrical Charactetistics : : 
The dc electrical characteristics of the DC004 for the operating woleape and reinipetarute ranges 
specified are listed in Tables 2 through 4. Table 2 lists the de specifications for the TTL input and 
outputs that do not connect to the Q-bus bus. ‘Table 3 lists the de specifications for the high- 
impedance receiver inputs from the Q-bus bus. Table 4 lists the dc specifications for the open- 
collector driver outputs that connect to the Q-bus. Refer to Appendix C for test circuit 
configurations listed in the tables. 


- Note: Pin 18 (RXCX) of the DC004 must be connected to Ve¢ through a 1-kQ +5% resistor for 
performing all the dc tests shown in the test circuit diagrams i in, —— Cc. 





“Table 2 - DC004 TTL Input cod Opa Pane ee ae 
: ‘Units = Test — 








Parameter Symbol Test Yequiremen 

Condition Min Max Circuit 
High-level Vas — 205e04 = V C1,C2 
input voltage F Qiee ge ree 
Low-level Vu ; | = 08 os _ C1,C2 
input voltage / - 
Input clamp Vi Vee = 4.75 V — pie. oe -12 V C3 
voltage | I,=-18 mA Seas | 
High-level Nn Nae — 4 . iS, 2 . 7 acuacad V C 1 
output voltage Ip=-1.0mA 
Low-level Vii. cco=4.75 V — 05 V C2 
output voltage I,=20 mA 
Input current I, Vec=5.25 V — 10 mA C4 
at maximum V,=5.5 V! 
input voltage 
High-level Ln Vec = 5 2) V — 50 pA C4 
input current V,=2.7 V' 
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Parameter 


Low-level 


input current 


Short-circuit 
output current 


Supply current 


Test. 


~~ Condition | 


Ios 


lec 


Vec=5.25 V 
Vi=0.5 V 


Vec=5.25 V? 


Vane 5: 25 V 


Requirements 5 


Max’ 
ed _-0.70 mA 
~40 . -100 mA 
= 120 mA 


Test 


~~ Circuit 
an 6) ae 


Cows 


‘Limits for pin 19 are: I,= 1.4 mA, I,=-2.25 mA (minimum) and -3.85 mA (oaximum), a -4. 5 
mA (minimum) and -8.0 mA (maximum). 
2Not more me one output shall be shorted at a time and the duration of the short shall not exceed 


1 second. 


Parameter 


High-level 
input voltage 
Low-level 
input voltage 
Input clamp 
voltage 
High-level 


input current 


Low-level 
input current — 
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Table 3 = DC004 High-impedance Bus Receiver Parameters 


Symbol 
Vin 


Vi 


yc 


Test 
Condition 


Vec= 4.75 V 
Vec=5.25 V 


Vee= 4.75 V 


Vec®5 25 V 
Vec=4. 5 V 


1=-18 mA 


V,=3.8V 
Vec=0 V 
Vec=5.25 V 
V,=0V 
Vec=0 Vo 
Vec=5.25 V 


Requirements 
Min Max 
. 1.53 — 
1.70 — 
te 1.30. 
—- 1.47 
= ees 
a 40 
oe — 40 
as -10 
—  -10 
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Units 


<j;a<siac 


BB BB 


Test 

Circuit 
C1,C2 
GLGZ 


C3: 
C4 


CS 
C5 


Se 


ZS ORE SR 





Table 4 » DC004 Open-collector Bus Driver Parameters 





Parameter Symbol _ Test oa. c. pcigaracrine Units Test 
Condition — Min Max wa _ Circuit 

Output reverse Lg Vee = 4.75 V — 25' pA C1 

current Nou = 3 2 V 3 — 

Low-lev el N Gi. Vec = 4.75 V 

output voltage = j= Ty=70mA’ — 08 ~V C2 
m=16mA> © — ~~ 05 V 

165 pA for pin 18 (RXCX). st” | 

?Applies to pin 8 only (BRPLY). 


_ Applies to pin 18 only (RXCX). 


ac Electrical Characteristics 

The input and output signal timing for the DC004 is shown i in 5 Figure 5 Table 5 lists the 
specifications for the values referenced on Figure 3. The open-collector and TTL output load 
circuits referenced in Table 5 are shown in Figure 4. Refer to Appendix D for the = input 
voltage waveforms and for the signal propagation delay. measurements. 
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*TIME REQUIRED TO DISCHARGE Ry CxFROM ANY CONDITION ASSERTED = 150 ns. 


NOTE 
TIMES ARE IN NANOSECONDS. 


Figure 3 - DC004 Signal Timing Sequence 


4-230 Confidential and Proprietary 


«amos es ene es FNS SSNs mei fa BIR a HSS 


sun Bbn HoHeRonOMeERRERerseene aye inertness eH smTenfunREARUeaenméarenTtn DMR 





TEST 








POINT Wee 
R2 
FROM 
OUTPUT 7 
ALL 
DIODES 
Y FD777 
CONDITION 1. 
Ro = 2802 
C2 = 15 pF 
CONDITION 2 
R2 = OPEN 
__ C2 = 160 pF 
LOAD A OPEN-COLLECTOR CIRCUIT | LOAD BTTL CIRCUIT 
Figure 4» DC004 Output Load Circuits 
Table 5 - DC004 Signal Timing Specifications 
Timing Signal’ Signal! Output Timing (ns) 
Reference (Load/condition) (Load/condition) Asserted _ Negated 
Min Max Min Max 
T5,T6 SEL 0 (B/2) BSYNG 15 40 5 30 
SEL 2 (B/2) 15 40 5 30 
SEL 4 (B/2) 15 40 5 30 
SEL6 (B/2) 15 40 5 30 
T9, T10 OUTLB (B/2)  BDOUT 5 30 5 30 
OUT HB (B/2) 5 30 5-30 
Tu, TL INWD (B/2) BDIN 5 30 5-30 
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DC004 





Timing Signal’ Signal’ Output Timing (ns) 
Reference (Load/condition) (Load/condition) Asserted Negated 
. Min Max Min Max 





T13, T14 BRPLY (A)? OUT LB (B/1) 20 60 -10 45 
i OUT HB (B/1) 20 60. + -10 45 
INWD (B/1) 20 60 -10 45 
| VECTOR 30 70 0 45 
BRPLy (A)? OUT LB (B/1) 300 400 -10 45 

OUT HB (B/1) 

INWD (B/1) 

VECTOR 330 430 0 45 


T15, T16 RXCX (A)? OUT LB 10 50 10 #50 
OUT HB 
INWD 
VECTOR 

‘Refer to Figure 4 for load circuit configurations. 

Pin 18 connections: Rx = 3300 5%, Cx=15 pF 5%. 

*Pin 18 connections: Rx = 4.64 kQ 5%, Cx=220 pF 5%. 
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. Features 


= Used with the DC003 ‘nn DCO04 circuits to uae: a program cecal aie a 


« Used with the DC003, C004; DC006, and Deo circuits to Aaa a ae emery: access 
interface. | 


: Functions as a bidirectional baler between or device logic and computer bus. 





= Includes comparison circuit for device address selection. , 
« Includes constant generator for interrupt vector address isis 
= Includes Qt bus drivers and receivers. aan 


-Diecedipaind - 


The DC005 4-bit transceiver, contained in a 20-pin dual-inline package (IP), cae sans Lee 
power Schottky technology and functions as a bidirectional buffer between a data bus and 
peripheral device logic bus. It includes a comparison circuit for device address selection and a 
constant generator for interrupt-vector address generation. It provides high-impedance inputs and 
high-drive, open-collector outputs to allow direct connection to a computer data bus structure. The 
bidirectional device port includes TTL inputs and i a driver outputs. Figure 1 is a 
simplified logic diagram of the DC005.. 


poe OAT I 


poomee IW 


DAT2 


DATS 


MATCH 





Figure 1 = DC005 Simplified Logic Diagram 
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: DC005 


Three address select i inputs can be ee by jumper cade to efable: acomparison to be made 
between the jumper connections and three bus inputs. An open-collector MATCH output allows 
several transceiver outputs to be gated to form a composite address match signal. The address 
jumpers can also be configured to disable the address match condition. The address match 
condition is controlled by an input line that can enable or disable the MATCH output. 


Three vector inputs can also be configured by jumper leads to generate a constant vector value that 
is transferred to the computer bus. The vector inputs directly drive three of the bus lines to override 
the function of the control lines. 


Two control signals are decoded to select the receive data and transmit ce operation and to disable 
the operation of the device. 


- Pin and Signal Descriptions 


This section provides a brief description of the input and output signals and power and ground 
connections of the DC005 20-pin DIP. The pin assignments are identified in Figure 2 and the 
summarized in Table 1. 


ait @ 
MATCHE]3 ~ 
Reco4 
XMIT C5 
DAT3 (]6 
DAT2(]7 
Bus3(J8 
BUS2 
GND[J10 





TOP VIEW 


Figure 2 = DC005 Pin Assignments 
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Table 1 = DC005 Pin and Signal Summary 
Pin - Signal ‘Input/Output —_Definition/Function | 


8-12 BUS <3:0> input'/output? Bus 3-0 lines—These lines are bidirectional and con- 
nect to the BDAL lines of the Q-bus. A low is equal to 1. 


6,7,17,18 DAT<3:0> inputs/outputs’ Data 3-0 lines—These lines transfer the inverted data 
tt EA from the bus to the device in ‘receive mode and from the 
device to the bus in transmit mode. ee disable 

mode, the Outputs are at a highi im te 


16-14 JV<3:1> inputs‘ Vector jumpers 13.41 Thete lines directly ‘drive the 
. | BUS <3:1> lines. A ground connection or an open 
jumper pin causes‘an open condition on the corres- 
ponding bus pin if the XMIT signal is asserted. A high 
(5 V) connection to the j jumper pin'will cause a one (low) 
on the corresponding bus ‘pie The E B US <l 0> line i is 
not controlled by a jumper. | ae 











13 MENB input! Match enable—A low input will enable the. MATCH 

| | | output when a match occurs between the level of 

-BUS<3:1> signals and the address: jumpers a 
through JA1. 


3 MATCH output? Address match—This output is open | Whe a rant 
occurs between the level of the BUS<3:1> lines and 
_ the levels selected by the address j jumpers Jv3 through : 


JV1. The output is low when no match occurs. _ 








19,21 jJA<3:1> inputs’ Address jumpers—When connected to ‘ground, fice 
pins allow a match to occur with a one (low) on the 
corresponding BUS < 3:1> lines. When these lines are 
not connected, a match can occur with a zero (high) 
level on the corresponding bus lines. When connected 








to 5 V, the correspondin, address bit is disconnected. 
5 XMIT inputs’ : Transmit/ Receive control—Controls’ the ct palpiaek of 
4 REC the transceiver as follows: _ 
REC XMIT Function : 
0 0 Disable(open): BUS and DAT lines 
0 1 Transmit: DAT to BUS lines 
1 0 — Receive: BUS to DAT lines 
| | 1 1 Receive: BUS to DAT lines 
20%. as Veg ; ; input | Voltage—Power supply de voltage 
10 GND input , Ground—Common ground reference 
‘high-impedence _ | 7 | a . 
open-collector 
>TTL level 
‘TTL level with pull-down circuit 
three-state 
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- Application Information — 


Refer to the Chipkit Users Manual LSE Bus sboneriiod Chips (document ni no. EJ-01387-92) for general . 
application information. The Q-bus is an LSI-11 bus. . 


- Specifications 


The mechanical, deceical: and environmental Ler ane and ss dthations for the DC005 are 
described in the following paragraphs. The test conditions for the electrical values are as follows 
unless specified otherwise. 

- Operating temperature (T,): 0°C to 70°C. 


; Supply voltage (Voc): 5.0 - +5% 


Mechanical Can figitenton’ — 
The physical dimensions of the DC005 20-pin DIP are contained in Appendix E. The materials and 
construction of the molded DIP are defined in Digital ppecitication A-PS-2100002-GS. 


Abode Maximum Ratings © | 

Stresses greater than the absolute maximum ratings may cause permanent damage to ae device. 
Exposure to the absolute maximum ratings for extended periods may adversely affect the 
reliability of the device. 

= Supply voltage (Vcc): 7.0 V_ 


- Input voltage (V):5.5V 
= Operating temperature ( T,): 0°C to 70°C (32°F to 158°F) 
= Storage temperature (Ts): -65°C to 150°C (-149°F to 302°F) 





Recommended Operating Condiions 
: Supply voltage (Vee): 4.75 V (minimum), 5.0 V (normal), 5.25 V (maximum) 





= Supply current (I,,): 120 mA (maximum) 
- Free-air temperature: 0°C to 70°C (32°F to 158°F) 
- Relative humidity: 10% to 95% (noncondensing) 


de Electrical Characteristics 

The dec electrical characteristics of the DCO05 for the operating voltage and temperature ranges 
specified are listed in Tables 2 through 6. Table 2 lists the dc specifications for the TTL input and 
outputs that do not connect to the bus. Table 3 lists the dc specifications for the high-impedance 
receiver inputs from the bus. Table 4 lists the de specifications for the open-collector driver outputs 
that connect to the bus. Table 5 lists the dc specifications for the three-state jumper lead 
connections inputs used for the address comparison logic. Table 6 lists the de specifications for the 
TTL jumper leads connections used to select a vector address. Refer to Appendix C for test circuit 
configurations listed in the tables. | 
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Parameter 





able 2« DC005 TTL Input and Output Parameters (nonbus) 
-- Symbol 7 





Test = Requirements - Units Test 

Condition se ae 
High-level Vin @ 208% 22 eee VY C1,C2. 
input voltage — ee eee, 
Low-level ve aie 08. °V C1,C2 
input voltage 7 ini nee 
voltage I,=-18 mA 1 Bey ts 
output voltage I,=-1.0 mA we 
Low-level N eg . Vec™ 4.75 V — 0.5 V C2 = 
output voltage | ~Ig=20 mA 
Input current ae — Veg =5.25 V —— 1.0 mA C4 
at maximum : Vi:=5.5V ose 
input voltage 
High-level ee Veco =5.25 V C4 
input current 3 ~ V,=2.7-V ie 

Receive: — 100° pA 

Transmit: — 50 pA 
Low-level Ba cis’: VeemS BBV reef: | i. - 
input current -_ V,=0.5 V ‘ae 

Receive: — oe 22 mA 
: Transmit: | “bees a a1 mA 

Short-circuit | Ps Veg = 5.25 Vi -40 ‘ -100 mA C6 ; 
output current nay , | 
Supply current Ic Vec=5.25 V = — 120 mA a 
High-impedance I, Vec=5.25 V | _ - 
state output V,= 3.65 V oe = 100 pA 
current ? V,=0.5V em —0.36 mA 


‘Not more than one output shall be short circuited at a time and the duration of the short shall not 
exceed 1 second. 
Off state, DAT < 3:0> pins only. 
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Table 3 » DC005.High-impedan: 
eet s -» Condition Min. Circuit 
High-level Vig Vec=4.75 V - 1.53 — V C1,C2 
input voltage Vee=5.25 V 1.70 — V os 
Low-level _ Ve c= 4.75 V = 1.30 V C1,C2. 
input voltage Voc =5.25 V — 147 V | | 
Input clamp V, 1=-18mA — -12 V C3. 
voltage Veco = 4.75 V se, 
High-level Ta V; = 3 . 8 V 2 C4 
input current maT S . 
Neg = 5 2 5 V — 40 pA 
| “ | Vecot# 3.5 V —_— 65 pA 
Low-level Li V; = 0.5 V | C5 
input current - Vee=0V a  =-10 yA . 
| Vec@#5.25 V —— -10 pA 
*Includes open-collector leakage current on bus | 
Table 4 « DC005 Open-collector Bus Driver Parameters 
Parameter Symbol Test Requirements Units _—_‘Test 
Condition Min. Max. Circuit 
Output reverse dee Vec=4.75 V — 25 pA Cl 
current* | Vou=9.25 V oe | | 
Low-level Ve Vee — 4.75 V or C2 
output voltage — = | a — 
MATCH al Lik = 8 mA — 0.5 V 
BUS <3:0> Lik = 70 mA — 0.8 V 
| Gee = 16 mA — 0.5 V 


*Pin 3 only (MATCH). For BUS <3:0> pins, refer to I,; Table 2. | 
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Table 5 = DC005 TTL Three-state Address Input Parameters 


Parameter Symbol Test Requirements Units Test 
| | ae Condition Min. §_Max. Circuit 
High-level ee — 45. — V C1 
input voltage | | _ 
Low-level ONS Ogee) are 0.3 V Cl 
input voltage eee ee 
Open-circuit Vop ATS Veg > S251 we 2 V 
input voltage re Tags nee a | 
— Table 6 = DC005 TTL Vector Input. Parameters 
Parameter Symbol _ Test. | a Requirements Units _—‘Test 
OS Condition — Min. = Max. = =———— Gircuiit 
High-level > Vig pa BD omer oom rt ME we es GE 
input voltage | | - gee : 
Low-level Vn tw ete 0.8 V C1 
input voltage ss | rT ee : 
Input clamp V; Vee 5V OO Oe, cee | OV eae CB. 
voltage | I=-18mA 
High-level lia Veco =5.25 V ne eens See oe eee C4 
input current erie Vie Nees coe 7 
Low-level Vi Vec=4.75 V | —_ 0.8 V C4* 
input voltage : I,=0.1 mA | 
forcing current sel | _ | 
Input current IJ, Vee5vV — 50 200 pA C5 
at maximum V,=04V | | | 
input voltage | = 
*Remaining inputs open. 
ac Electrical Citacidinice 


The input and output signal timing parameters for the DC005 are grouped by lon: aaa shown 
in Figure 3. Figure 4 shows the load circuits used to measure the signal timing ‘for the open-collector 
and three-state outputs. Figure 5 shows the three-state voltage waveform parameters. Refer to 
Appendix D for the standard input and output voltage waveforms parameters used to measure 
propagation delay. 
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DC005 





.» TRANSMIT DATA TO BUS - 


XMIT 





| Je—5 1020s | | ——+| . Jes 70.30 ns 


REC (GROUND) 





BUS — OUTPUT 


5 TO 25 ns—ef e— —e le—5 TO 25 ns 


DAT — INPUT 





RECEIVE DATA FROM BUS (BUS INITIALLY HIGH 





XMIT (GROUND) 





REC 
—o| je—o TO 30 ns 3 _ — ke—0 TO 30 ns 
DAT-— OUTPUT | HEZ - HI-Z 
——t| je¢—8 TO 30 ns 
BUS — INPUT 





RECEIVE DATA FROM BUS (BUS INITIALLY LOW) 
XMIT (GROUND) 








REC 

| 7a, te 0 O80 ie —| 0 TO30ns 
DAT — OUTPUT HizZ———$—$—J | Hi-Z 

oe 8 TO 30 ns 
BUS —- INPUT 
VECTOR TRANSFER TO BUS 
JV1-JV3 
—e| \ea—- 20 ns MAX —e| }e— 20 ns MAX 


BUS — OUTPUT 


ADDRESS DECODING © 


BUS — INPUT X | , | | 
se }o—10 TO 40 ns 


—>| #— 5 TO 40 ns —» ke—10 TO 40 ns 


MATCH 





RECEIVE MODE LOGIC DELAY | | 
XMIT | : . 


—| , }e—40 TO 90 ns 
DAT <3:0> (OUTPUT) 


H-Z 
Figure 3 = DCOO5 Signal Timing Sequence 
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DC005 


Vcc 
$ R2 = 280 






TEST POINT = 
| FROM 
Vv 
ee OUTPUT 
Ri ALL 
DIODES = FD777 
FROM OUTPUT , TEST POINT 


ota 


R1 = 60 Q FOR PINS 8, 9, 11, 12. 
R1 = 475 Q FOR PIN 3. 
C1 = 15 pF AT PIN 3. 


LOAD A OPEN-COLLECTOR CIRCUIT LOAD B THREE-STATE CIRCUIT 


\- 


Figure 4» DC005 Output Load Circuits 


omen mn iene Aaa Sei NN 








OV 
$1 AND S2 CLOSED 


tLz} 


1.5V 






$1 CLOSED 


S2 OPEN | VoL 
| ka 
tZH tz O5V 
S2 CLOSED 
DAT X ee 


OV 
$1 AND S2 CLOSED 


THREE-STATE VOLTAGE WAVEFORMS 


Figure 5 « DC005 Three-state Voltage Waveforms 
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- Features - 


- Used with the DC003, DC004, DC005, and DC010 to iaiplentane a dneee memory access 
interface. 


= Contains two 8-bit binary up counters for word byte count and bus address. 

: Implements low-power Schottky circuits. 

= Includes read and write control logic. 

- Includes comparison circuit for deviceaddress selection. = 
« Two DC006s can be cascaded for 16-bit register implementation. 

= Contains internal 8-line bus and three-state bus drivers. 


- Description 


The DC006 word count/bus address logic, eooineds in a 20-pin ial: inline (DIP) package, is 
designed for use in a direct memory access (DMA) device. interface. The DC006 is a low-power 
Schottky device that connects to the —— outputs of the DC005 transceiver. The DC006 is 
controlled by the DC004 register selector; the DC010 direct memory access, and ancillary logic. 
Figure 1 is a simplified block diagram of the’DC006. 





“MAX-A aK MAX-C 


\} 


ore<10> (LRT BS a 
D/F<7:0>} 





CONTROL | 


SSS 


Ns 


Figure 1* DC006 Simplified Block Diagram 


Confidential and Proprietary 4-243 








‘It includes two separately controlled 8-bit binary up-counters, one for word (byte) count and one 


for bus address. Each counter can be separately loaded and cleared. The word counter (C counter) 

is incremented by a count of one and the address counter (A counter) is incremented by a count of 
one for byte addressing and by a count of two for word addressing. Each counter is read separately. 
Data from the DC006 is transferred to the three-state bus through the internal drivers. | 


- Pin and Signal Descriptions 


This section provides a brief description of the input and output signals and power and ground 
connections of the DC005 20-pin DIP. The pin assignments are identified in Figure 2 and then 
summarized in Table 1. 


Vcc 
}s-c 

[i 
MAX-C 
CLK-C 
128 D/F 
64 D/F 

J 32 D/F 
J 16 D/F 
8 D/F 





TOP VIEW 


~ Figure 2 = DC006 Pin Assignments 
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16 


CNTIA 





CLK-C 





Table 1 » DC006 Pin and Signal Summary — 


Input/Output Definition/Function 


input 


input . 


input 


Increment counter A—Controls the least menibicane bit of the A 
counter . When low the A counter is incremented by one. When 
high, the least-significant bit of the A counter is disabled and the 
count is incremented by two. When two counters are cascaded, 


this input should be connected to ground. 


Clock A counter—The negative edge of this signal increments 
the A counter by one or two counts depending on the CNTIA 
level. The CNTIA and LD signals must be stable while the CLK- 
A signal is high. 


Clock C counter—The negative edge of this signal increments 


the C counter by a count of one. The LD signal must be stable 
_ while the: CIK- C > signal i is high. 





19 


input 


input 


Select A spariter< Seles: the outputs and fnaitions of the A 
counter during read and write operations as specified iri Tables 2 
and 3. 


_, Select C counter—Selects the outputs and functions of the C 


counter during read and write operations as specified i in Tables 2 


and 3. 





RD-A 


1D/F 
2D/F 
4D/F 


8D/F 


16D/F 
32D/F 
64D/F 
128D/F 


MAX-A 


input 


input 


input 


outputs* 


output 


Read A counter—Selects the outputs: and Genetions of the A 
~ counter during read and write operations as specified in Tables 2 
and 3. 


_Read—Enables a read operation as specified in Tables 2 and 3. 
~ Load—A high- to-low transition of this signal enables a load 


operation to be performed as specified in Table 3. 
When LD is low, data changes will not occur. 


Data bus—Eight bidirectional lines used to transfer data into or 
out of the A counter or C counter. 


Maximum A count—Indicates that the A counter has reached a 
maximum count. The maximum count is 376 when counting by 
two and 377 when counting by one. The signal is generated by 
gating CLK-A and the maximum count condition of the counter. 
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dlilg it All 


Pin Signal 


DC006” 


Input/ Output. Definition/Function 


17 = =MAX-C output 
20° Vee input — 
10 GND input — 
_ *TTL three-state 
Functional Description 


Maximum C count—lIndicates that the C counter has reached a a 
maximum count of 377. 
This signal is generated ae gating CLK-C C ae ths maximum 


‘count condition. 


Voltage—Power supply dc voltage 


Ground—Common ground connection 


Figure 3 is a simplified logic diagram of the DC006 that shows the read and write control logic, the 
inputs and outputs of the A and C counters, and the multiplexer logic. Table 2 lists the read and 
select inputs required to read the counter outputs. Table 3 lists the write-control i inputs required to 
load: and clear the counters. 


Input Levels* 


poh act cdot Sh ee) 
| > 
Me i oe ee eee ees S| 


*L=TTL low, 
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sohacl call giacReril oll ait Resiacll oll sal 


7 
> 


TOC momo 


Table 2 » DC006 Read-control Functions 


Output Functions 
D/F<7:0> 


Clear A and C counters, read C counter 
A<7:0> 

C<7:0> 

High-impedance 

High-impedance 

Clear A and C counters, read A counter 
A<7:0> 

A<7:0> 

A<7:0> 5; 

Clear A and C counters, ae A counter 
A<7:0> 

A<7:0> 

A<7:0> 


H=TTL high, X = TTL low or high 
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LD 


H-L 
H-L 


Pere] yy 
. msgs S| | 


| 


re 
2) 


Soler aici heel 


Table 3 = DC006 Write-control Functions 


Loading disabled — 





Function _ 


Illegal? 
Load A<7:0> 


Load A<7:0> — X 
Word count/Bus address not selected 


abled 





1L=TTL low, H=TTL high, X = TTL low or high, H-L =high-to-low transition. 
Simultaneous load and clear operation results in a clear. 


CLK-C 


8 BIT BINARY . 
UP COUNTER 


C COUNTER 





$a928ses. 


~MAX-A 


: pe : 
= : gue | 
Lb 2D/F 

, abn 


1 —aovF 






tly 20/6 


L—1D/F 


————MAX-C 


Figure 3 « DC006 Simplified Logic Diagram 
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- Application Information 


Refer to the Chipkit Users Manual LSE Bus Tiserce Chips (Gocaiaeee no. EJ-01387-92) for general | 
application information. The Q-bus is an LSI-11 bus. | 


Specifications 


The mechanical, electrical, and environmental characteristics and specifications for the DC005 are 
described in the following paragraphs. The test conditions for the electrical values are as follows 
unless specified otherwise. 


« Operating temperature (T,): 0°C to 70°C 
« Supply voltage (Vcc): 5.0 V +5% 


Mechanical Configuration 
The physical dimensions of the DC005 20-pin DIP are contained in Appendix E. The materials and 
construction of the molded DIP are defined in Digital Specification A-PS-1900002-GS. 


Absolute Maximum Ratings 

Stresses greater than the absolute maximum ratings may cause permanent damage to the device. 
Exposure to the absolute maximum ratings for extended periods may adversely affect the 
reliability of the device. ; 


: Supply voltage (V,<): 7.0 V. 

- Input voltage (V)): 5.5V | 

« Operating temperature (T,): : 0°C to 70°C (32°F to 158°F) 

= Storage pestis ( bias sche to 150°C (-149°F to 302°F) 


Recommended Operating Conditions 

= Supply voltage (Voc): 4.75 V (minimum), 5.0 V (normal), 5. 25 V SEE 

= Supply current (Icc): 140 mA (maximum) 

- Free-air temperature: 0°C to 70°C (32°F to 158°F) 

= Relative humidity: 10% to 95% (noncondensing) 

dc Electrical Characteristics | 

The dc electrical characteristics of the DC006 for the operating voltage and temperature’ ranges 


specified are listed in Table 4. All input and outputs are TTL levels. Refer to Appendix C for test 
circuit configurations referenced in the tables. 
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Symbol “Test 


_Condition 





Low-level 
input voltage 


Input clamp 
voltage 


High-level 


output voltage 


Voc = 4.75 V 
1=-18 mA 


Ip5=-1.0 mA _ 





Low-level ~~ — 


weg. 75 ae eo 











Input current _ 
at maximum = 
input voltage 





High-level 
input current 
Three-state ~ 


Not three-state _ 


Low-level 
input current 


CIKA,CIKG 


CNTTA 
D/F<0:7> 
LD, RD, S-C, 
RD-A 


High-impedance | 


output current 


Short-circuit 
output current 


_ Supply current 


7 


Ios 


lec 


Vec=5.25V_ 
nog ae 2.4M... i 


Vec=5.25 V 


ae 25V 
—-V9=3.75V 


aoe 25 a 


Vans. 25 V 


'Three-state TTL output in off state. 
2Not more than one output shall be short circuited at a time and the duration of the short must not 


exceed 1 second. 





ow. oo 


~40 -100 


— 170 


Confidential and Proprietary 





mA 


mA 


7 


C6 


C7 
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acElectrical Characteristics | $|§ 
The input and output signal timing for Ae DC006 is shown in Figure 4. Table 5 lists the setup time 


and pulse characteristics for the times specified in Figure 4. Table 6 lists the propagation delays for 
the signal timing references in Figure 4. Refer to Appendix D for the standard input and output 
voltage waveforms parameters used to measure propagation delay. The output loading circuit for 
the open collectors and the three-state output loading circuit and voltage vas are. shown i in 

Figure 5. These circuits are referenced i in Table 6. | ei 








A READ & COUNT iabes & COUNT ial READ A 
1D/F MN AY | Ny a 
D/F(7:3) UNE N 


CLEAR LOAD 


Figure 4 = DC006 Signal Timing Sequence 
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Table 5 DC006 Pulse-width and Setup time 


tcl , Reference | 










t, (setup) : ee D/F < 7:0 > H toLD 10 
t(setup) SCOT ae 
t, (pulse width) wo. eee - 90 i 





t, (setup) “ee S-C to RD 20 | 
tone eee ag —_£,, o> 
tea rae ‘ aa a a 
= an , aa 7 =a es RD : = : 7 ae = 10 = : 
a ca CNTIA wo CUA. : Saag 
ea Be RDA = = ag 
Ai) EEE 
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Timing —_ Input Signal 
Reference . (Transition) 
t S-C (H-L) — 
S-A (H-L) 
t, S-C (H-L) 
S-A (H-L) ~ 
t, RD (L-H) 
ty RD (H-L) 
tia ‘CLK-C (H-L) 
ty _CLK-C (L-H) 
re CLK-A (L-H) 
ths CLK-C (H-L) 
ty CLK-A (H-L) 
te: CLK-A (H-L) 
tra RD-A (L-H) 
ty RD-A (H-L) 
*Z = high impedance 
4-252 








(Transition)*.,.... 


D/F<7:0> (XL) | 
D/F<7:0> (X-L) 


D/F <7:0>-(Z) : oe 
(Z)-D/F <7:0> 
_ MAX.C (L-H) 


MAX-C (L-H) 


- MAX-A (L-H) 


MAX-C (L-H) ’ 


-D/F2 (L-H) 
- MAX-A(H-L) | 


D/F<7:0> (Z-L) 
(Z-H) 
D/F<7:0> (L-Z) 
(H-Z) 
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Table 6 » DC006 Signal Propagation Delay 
Output Signal. Test 
Condition 


Load A 


RD-A = 0.4V 
(C counter) 


Load A 


RD-A=0.4V 


(A counter) 
Load A 
Load A 


Load A 
Load B 
Load B 


Load B 
Load A 
Load B 


Load A 
Load A 
Load A 
Load A 





Delay (ns) | 
_ Min. Max. 
15 80 
15 80 
E59 930 
| 34 80 
18 55. 
10 35 
10 35 
10 35 
18 55 
10° 35 
10 30 
10 30 
8 25 
8 25 





DC006 


TEST 
TEST 
POINT VCC 
200 2 
2 
| 200 ‘st 
FROM ‘ 
OUTPUT 
ALL ALL 
50 pF 


DIODES 


DIODES 
FD700 


FD700 





$2 





LOAD A TTL OUTPUT CIRCUIT LOAD B THREE STATE CIRCUIT 


OUTPUT 

CONTROL 
(LOW-LEVEL 
ENABLING) 








} ? $2 CLOSED 
WAVEFORM 1 
(SEE NOTE 1) 





0.5V 
S1 CLOSED 15V 
S2 OPEN 
an es Ft VOL 
'2H 
0.5V 
ee Lon 
S1 OPEN 1.5V 
WAVEFORM 2__S2 CLOSED fy S1 AND 
(SEE NOTE 2) $2 CLOSED 
NOTE 


1 WAVEFORM 1 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS 


SUCH THAT THE OUTPUT IS LOW EXCEPT WHEN DISABLED BY THE 
OUTPUT CONTROL. 


2 WAVEFORM 2 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH 
THAT THE OUTPUT IS HIGH EXCEPT WHEN DISABLED BY OUTPUT CONTROL 


Figure 5 = DC003 Output Load Circuits 
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: Features — 


- Used with the DC006 to implement a direct memory access interface. 
= Contains logic to request and gain control of the Q-bus. 
« Allows four-word or multiple-word transfers. 





= Contains bus receivers and drivers for fi re eC connection to the computer bus. 


= Uses external free-running clock and internally generates “1 able and disable clock controls. 





Description 


The DCO010 direct memory access (DMA), ‘cintainid ina 20-pin dual-inline package (DIP), is a low- 
power Schottky device used primarily | in a DMA device interface to perform the handshake 
operations required to request and gain control of the Q-bus. Once bus mastership has been 
established, the DC010 generates the required signals to perform a data-in (DATT) transfer, data-out 
(DATO) transfer, or a data-in/data-out (DATIO) transfer as selected by the control lines to the 
DCO010. Four words or multiple words can be transferred before control of the bus is relinquished. 
Figure 1 is a simplified diagram of the logic contained on the DC010 chip. The signals in 
parenthesis connect internally. 





(MASTER) T > | }O—somR 
ieee. —_ 
REQ | | 


(RPLY) 
(MASTER ENAH) 


INIT 
“ BDMGI BDMGO 
t 


(END H) 


(MASTER ENA H) — 
TMOUT J 
DATIN 


DATIO 
(END CYCLE H)—£ 
(INIT Hn 


RPLY 


CLK 
(MASTER ENA H) 
RSYNC ~ 


T~ MASTER 









DUAL RANK “p"| | 
SYNCHRONIZER [- 


{END L) 


Figure 1+ DCO10 Simplified Logic Diagram 
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- Pin and Signal Descriptions 


This section provides a brief description of ei input and output nen ne power and erouiid 
connections of the DC010 20-pin DIP. The pin assignments are identified in Figure 2 and the 
summarized in Table 1. 





TOP VIEW . 


Paar 2. DCOl 0 Pin Assignmens ; 


Table 1 = DC010 Pin and Signal Summary 
Pin Signal Input/Output Definition/Function 


1 REQ __s_siinput' Request—A high level initiates a bus request. A low level allows 
the termination of bus mastership to occur. 


13  BDMGI input? _ DMA grant input—A low level allows bus mastership to be 
established if a bus request on the REQ line is pending. This 
signal is delayed and becomes the BDMGO output if not a low 


level. 
16 CNT4 input! Count four input—A high level allows a maximum of four 


transfers to occur before bus mastership is relinquished. A low 
level allows unlimited transfers to occur when the REQ line is a 
high level. If the input is not connected, it assumes a high state. 


14 TMOUT input!’ Timeout—A low when the MASTER ENA signal is high. A high- 
| impedance when the output MASTER ENB signal is low. When 
driven low, it prevents the assertion of the BDMR signal. When 
driven high, it allows the assertion of the BDMR signal if the 
BDMR signal has been negated because of a four-maximum 
transfer condition. A resistor and capacitor network can be 
connected to this pin to delay the assertion of the BDMR signal. 
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Pin Signal Inpqt/Output Detinition/Function_ 








3 DATIN input! | Data-in—Used with the DATIO signal to ‘select. the type a sf 
transfer as specified in Table 3. _—- 
2  DATIO input! Data-in/Data-out—Used with the DATIN signal to select the 


type of transfer as specified in Table 3. If the input is not 
| connected, it assumes a atgy athe. 






12 RSYNC input’ 








17 CIK input, __ Clock—Used to generate all jeaaahee timing sequences. 
15 RPLY input" 


Re ply—Enables or ‘disables. the clock signal and allows the 
lev ice to Pome bus: master = aieting to the relationship of the 


“RSYNC +RPLY + MASTER ENA=MASTER 


19 INIT input, Initialize—Used to initialize the logic so that the REQ signal will 
start a bus request transaction. A low level negates the BDMR, 
MASTER, DATEN, ADREN, RSYNC, DIN, and DOUT signals. 













11 BDMR output? _ 


DMA request—A | low level padheptes t that the device is Srey | 


9 MASTER output! Master lations thar a dict is sbus 2a = thet: a pee an 
sequence is in progress. 











+i: eal , 
ies mes 


8 BDMGO _ output’ 
ig 13). If a request is 





| =< a, signal i is ene spit j a oy b x. connected ios to 





7 TSYNC  output' — _—_ Transmit syachronine Avenel by the device t to indicate that a 
__ transfer is in progress. | 





18 DATEN output’ Data enable—Asserted to indicare that i data acs be oma 
to the bus. iaenent ado 


4 ADREN output! a ) : “Address enable—Asse t dt 








ed to indicate that an address 1 may be 
transferred to the bus. 

6 DIN output! Data in—Asserted to ese © thant ape fits master elias can 

ABO AST OF oRae ices sepeptaneie EE ie a ae é 





5 DOUT output! © Data Gut Abserted | to indicate that the bus n master "device has 
| _ transferred data to the bus. © 


20 Veco. input  —_—Voltage—Power supply dec voltage _ 


10 GND _ .__ input _ Ground—Common ground connection | 





‘TTL level. 
*high-impedance 


5open-collector 








DCo10 


Functional Description : 
The DATIN and DATIO are TTL input levels nies elec the type -of DMA transfer that will occur. 
Table 2 lists the i input levels and the transfer selected. ; 





Table: 2 . , DCO10 0 Transfer Selection 


InpotsLevel® Tana pe 
wh cae, Doo o.t i DATIO 
a 
Ho.) aL eee 


*L=TTL low, H=TTL high, X=TTL low or high 


- Application inicio 


Refer to the Chipkit Users Manual LSI-11 Bus The Chips (documen no. ae 01387- 92) for general 
application information. The Q- bus i is an LSI- Mt bus. 


Specifications 
The mechanical, electrical, and environmental characteristics and specifications for the DC010 are 


described in the following paragraphs. ‘The test conditions for the electrical values are as follows 
unless specified otherwise. | 


ie Operating temperature (T,): 0°C to 70°C 
= Supply voltage (V¢,): 5.0 y +5% 


| Mechanical Crafeutaton: 
The physical dimensions of the DC010 20-pin DIP are contained in Appendix E. The materials and 
construction of the DIP are defined in Digital Specification A-PS-1900002-GS. 


Absolute Maximum Ratings | : 

Stresses greater than the absolute maximum ratings may: cause permanent daiiane to the device. 
Exposure to the absolute maximum ratings for extended periods may adversely affect the 
reliability of the device. , | 


« Supply voltage (V¢<): 7.0 a 

« Input voltage (V)): 5.5 V | 
« Operating temperature Tos oC to 70°C 62°F to 158°F) : 
= Storage temperature (T;): -65°C to 150°C (-149°F to 302°F) 


4-258 Confidential and Proprietary 





mended Operating Conditions eee 
. Supply Shape (Voc): 4.75 V. (tninimum); 5. 0 V (normal), 5. 25 V (maximum) 
, Supply current (I,,): 160 mA (maximum) 
- Free-air temperature: 0°C to 70°C (32 F to 158°F) 
- Relative humidity: 10% to 95% (noncondensing) 


dc Electrical Characteristics a 
The dc electrical parameters of the DCO10 for the operating anes and temperature ranges 


specified are listed in Table 3. Refer to ss sanity Z = test circuit ie aa ar on rae in 
the table. ae sd 





Parameter Symbol Test | Requirements Units 7 Test 
Condition Min Max Circuit 

High-level Vi Z . 0 7 Vi Cc 1,C2 

ine soles Voc = 4.75 1.53 nit ne ee a 











inva dane 7 } V;. Veco Big S sydy oT ays “a = "yes : 2 | @. : - 
output voltage jiyectiad isdno hes Al bisenen enbghlees cof beriies 
Lowlevel = Van Vec=4.75V00 C2 
output voltage | ne =8 mA me Hie ein, Anais aia 


Input current L, Vec25.25 V — 1.0 mA’ C4 
at maximum V,=5.5V — 1.5 mA‘ 
input voltage 


High-level lis Voc=5.25 V 

input current V,=2.7V as 50 pA 
V,=2.7 V° —_ 300 pA 
V,=3.8V — 40 A? 
V,=3.8V —_ 65 yA? 


Low-level L. V,=0.5 V’ C5 

input current Vec=5.25 V — ~1.4 mA 
Vee=o2) Vv — -2.0 mA 
Vec=0-5.25 V _ ~10 pA? 
Vec=0-5.25 V — -—10 A? 


C4 





Confidential and Proprietary 4.259 








Parameter __ Symbol Test use Requirements “<< Units Test 





| Condition = ‘(Min Max | Circuit — 
Output leakage Losi Vec= 4.75 V a eo25ean Oo pA Si Cll 
Short-circuit Tes Vec=5.25V?  -15 60 — _mAt C6 
output current _. ea | ; = | _ 
Supply current i Veso22 VN 125 160 mA C7 
‘TTL input: 7 
ahighiurapedaiicelt input - 


>high-impedance (Schmidt) it input, ie output 

‘open-collector output 

except pin 16 and pin 2 

‘pin 16 and pin 2 

7Not more than one output shall be short circuited ata time and the duration of the short must not 
exceed 1 soon: 


ac Electrical Characteristics 
The input and output signal timing for the DCO010 is shown in Figures 3 through 7. The setup t time, 
pulse-widths, and switching characteristics referenced in the timing diagrams are listed in Table 4. 
Table 5 lists the signal propagation delays also referenced in the timing diagrams. Figure 8 shows 
the load circuits used for measuring for the open-collector and TTL outputs. Refer to Appendix D 
for the input and output voltage waveforms used for measuring the signal propagation delays. 
Figure 3 shows the signal timing required for the DMA bus-request and bus-grant logic. Figure 4 
shows the signal timing required for one data-in (DIN) transfer to the DMA interface. The signal 
timing required for one data-out transfer is shown in Figure 5. Figure 6 shows the signal timing 
required for multiple-data transfers in and out of the DMA interface. The signal timing for the 
timeout sequence is shown in Figure 7. The values of the resistor (Rx) and capacitor (Cx) used in 
the timeout circuit shown in Figure 9 are selected for the proper delay for the next DMA request 
from the interface. The delay circuit connects to pin 14 (TMOUT). 
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CLK 


RSYNC 





RPLY 


REQ | 







BDOMR 








BOMGI 


BDMGO 








* TMOUT 






MASTER 


ADREN- 
a1 
. "paral ’ es 


*WITH NO RC NETWORK CONNECTED 


ne — i nt Fo a ae Eo es ee Ee oe ee ae ce a 





INIT 


Figure 3 = DCO010 DMA Bus Request and Grant Signal Timing Sequence 
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PARENTHESES = INTERNAL SIGNAL FOR REFERENCE ONLY 


Figure 4s DCO010 One Data-in Transfer Signal Timing Sequence 
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ec cuensu uneRO S Ntbencsacninnnseemnceininn 


DATEN 
a 





CNT4 


MASTER = i. coe 


NOTE: to7 OCCURS ONE CLOCK CYCLE AFTER NEGATION OF DOUT 


Figure 5 « DC010 Data-out Transfer Signal Timing Sequence 
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NOTE: tp7 OCCURS ONE CLOCK CYCLE AFTER NEGATION OF DOUT 


Figure 6 = DC010 Multiple Data-in[Data-out Transfers Signal Timing Sequence 
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END OF 4TH 
TRANSFER 






(END CYCLE) T] 7 


| 
(MASTER ENA H) z 
BDMR | 


TMOUT 





END OF 4TH. _ he 
TRANSFER , , 





PARENTHESES = INTERNAL SIGNAL FOR REFERENCE ONLY 


Figure 7» DC010 Timeout Signal Timing Sequence 
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Table 4 = DC010 Pulse Widths and Setup Times 


Time | |= |. Signls | | | Minimum | 
Reference | Reference sss __ Duration (ns) | 


t, (pulse width) INIT 35 

t, (setup) ~ INIT to REQ ar 
t.(setup) ___ BDMR to BDMGI ae 
t, (setup) - BDMRtoBDMGI  —S—siéiO 

ts (pulseavidels) ote ae CLE (low) : ~ 60 
t,; (pulse width) CLK (high) sits 60 
t,(setup) © = = == ~+~REQtoCLK 7 35 
t,, (setup) DIN to RPLY 0 

t,, (setup) DATIN, DATIO to CLK 60 

t,, (setup) ob kee | -RPLY toCLK : 30° 
t,, (setup) ~—s RPLY to DATIO B85 

ty) (pulse width) DATIO fe a ~~ 30 (1 clock period maximum) 
ty. (setup) pees _.... DATIO to CLK 65 . 
t;, (pulse width) REQ 35 
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Table'5 = DCO10 Signal Propagation Delays 
Timing Input Signal Output Signal Test —“ Propagation 
Reference (Transition) (Transition) Condition’? —_ Delay (ns) 
ts BDMGI (L-H) BDMGO (L-H) Load’ A oe 60 
ts REQ (L-H) BDMR (H-L) Load A 25 70 
t, BDMGI(H-L) | TMOUT (HL) Load A 85 230 
ts BDMGI(H-L) .  BDMR(L-H) LodA M7306 
tis CLK (H-L) TSYNC (L-H) 18 60° 
ti CLK (H-L) ADREN (H-L) 20 65° 
ti; CLK (H-L) DIN (L-H) 18 60° 
is CLK (H-L) DIN (H-L) 18 60 
ra CLK (H-L) TSYNC (H-L) 18 60 
to, CLK (H-L) TMOUT (L-H) ©” 30 90 
tes CLK (H-L) DOUT (LH) 60 175 
te CLK (H-L) DOUT(HL) —>_ Load B 20 65° 
ts CLK (H-L) DATEN(H-L) —- Load 20 65 
ty RPLY (H-L) “DATEN(H-L) ~~» LoadB.SSC«0 65 
t2 CLK (H-L) ADREN (L-H) Load B 18 60 
ty TMOUT (L-H) BDMR (H-L) Load B- 20 75 
tse BDMGI (H-L) MASTER (L-H) Load B 90° 242 
ts CLK (H-L) MASTER (H-L) Load B 18 66 
tse RSYNC (H-L) MASTER (L-H) Load B 10 58 


‘See Figure 8 for output load circuit configurations. 
7t,, represents the first time ADREN is asserted. t,, represents the subsequent assertion of ADREN. 
>These propagation delays meet the following requirements: 

t,, tot,,<10ns t,, to t,, 20 ns 

t,, tot,,<10 ns t,, to t,, = 40 ns 

t,, to t,, = 10 ns t, tot,,27 ns 
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avalat? cy TEST POINT Vcc 
Mec | ) 







Pe ee 470 2. 
> 60 2 
FROM OUTPUT 


» TEST 


~ POINT nce 


DIODES 
FD700 


FROM OUTPUT . 
15 pF 





= 


LOAD A OPEN-COLLECTOR CIRCUIT ae 
ee tes LOAD B TTL CIRCUIT 


Figure 8 = DC010 Output Load Circuits 


Vcc 
Rx 


TMOUT 


T° 


Figure 9 DCO10 Timeout Delay Circuit 
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- Provides the logic to request and gain control of the UNIBUS 


* Used to arbitrate for DMA or interrupt mastership 
« Bus receivers and drivers compatible with UNIBUS 





= Used to develop UNIBUS interfaces for peripheral devices eee 


- Description 


The DC013 is a 16-pin, dual-inline vackiiag (DIP) used in re development of device interfaces for 
the UNIBUS. It contains the logic required to perform i interrupt bus requests (BR) and nonproces- 
sor direct memory access (DMA) requests to gain control of the UNIBUS. 


Input signals from the UNIBUS are received by high-impedance receivers on the DC013 and signals 
from the DC013 to the UNIBUS ate supplied by high-currént, open-collector driver outputs. The 
signals levels between the UNIBUS and the DC013 are baie ices The input and output signals 
between the device and DC013 are TTL levels. | 


The DCO013 circuits includes bus grant logic, bas biéy logic, er slave acknowledge logic. The 
simplified logic diagram of the DC013 is shown in Figure 1. 





BUS NPR [a] 
STEAL GRANT 3 | 





: Pa 
| 
#* 












6 | BUS BG/NPG 
OUT 


all 7] BUS SACK 
REQUEST [71 | 


SACK 
=) BUS BR/NPR 
i | MASTER 


10} BUS BBSY 


MASTER CLR ria 


BUS SSYN 12 | | 


INIT i3- : 


| Figure 1+ DCO13 Simplified Logic Diagram 
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The: input and output pins al power acid ground connections of the DC013 are eae in eee 2. 
Table 1 provides a summary of the signals defined in the following Parehphs:. 








ReQuestq]1 ® ~ 16f9Vcc 
BUS SSYNC]2 15 [CLR SACK ENB 
STEAL GRANT L]3 14] MASTER CLR 


BUSNPR(14° _ 13 CUINIT 


BUSBG/NPGIN(]5: = —-——«dW2- SACK 
BUS BG/NPG OUT(J6 — - 11{0Q) MASTER 
_ BUS SACK (]7_ — 10[7) BUS BBSY 


GNDC]js $= 9p BUSBRINPR 


TOP VIEW 


Figure 2 » DCO13 Pin Assignments 


Table 1- DC013 Pin and Signal Summary 


Pin Signal, Input/Output Definition/Function 

1 REQUEST input! : ~  Request—Asserted to request that the DC013 begin 
| : arbitrating for mastership of the UNIBUS.. 

Z BUS SSYN | ~ input? Bus slave synchronization—Asserted by the 


UNIBUS slave to indicate that it has completed the 
operation requested by the master device. 


3 STEALGRANT: — input?” — Steal srant—Used only when the DC013 is permit- 
| | ted to win bus mastership. 
4 BUS NPR | input? Bus nonprocessor request—Used only when the 


DC013 is allowed to win bus oe and the 
Steal Grant feature is enabled. 


5 BUS BG/NPGIN .. input? Bus" ‘grant/nonprocessor grant in Provides the 


appropriate UNIBUS grant signal to the DC013. 


6 BUS BG/NPG OUT output? - Bus grant/nonprocessor grant out—Transfers. the 


appropriate grant signal from the DCO13 to the 
remaining devices on the UNIBUS. | 


7 BUS SACK output? Bus selection acknowledge—Indicates to the 


UNIBUS arbitrator that the DC013 acknowledges its 
selection as the next master of the UNIBUS. 


8 GND input — _ Ground—Common ground connection. 
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Input/Output —_Definition/ Function 


_ output? _. Bus request/nonprocessor request oute-lidicante- 
that the DC013 has been requested by the 
EQUEST input nae to arbitrate for mae of 














the UNIBUS. 





10 . BUSBBSY = | ingesifonipt Bus buisranAen an input, it ‘aiceme ra pools chon 
wee oe ee othe current master has completed its use of the 
_ UNIBUS. As an output, it allows the DCO13 ..to 


indicate that it has become the current bus master. . 


11 MASTER output’ Master—Asserted when the DC013 is V5 current 










~MASTERCLR i 





15 CLRSACKENB input! i Clear selection peng enable Assestcd to 

™ | allow the UNIBUS arbitration to resume after the 
| | : ~ DCO13 has become bus 1 master. 

146 Voc *... | wach . _Neage Powe supply de voltage. 

‘TTL level ome oe ay 

*high-impedance UNIBUS neat a pee tha oe 

>open-collector UNIBUS output... > “0 

UNIBUS Signals ’ 


BUS SSYN—Asserted by the UNIBUS slave to indicate that it has completed the operation’ 
regested by the master device. When the DC013:is used to win interrupt mastership, this input 
signal indicates that the processor has accepted the interrupt vector and allows the DCQ13 to release 
the bus. When the DC013 is used to win DMA mastership, this i input may be directly connected to 
the UNIBUS or to other logic within the master device. 


STEAL GRANT— When the DC013 is used to win interrupt mastership, this i ignal allows it 
to steal and reply to an interrupt grant intended for another device connected to the UNIBUS. This 
feature ¢ can reduce the overall DMA latency. oe ik 


BUS NPR—When the steal grant feature is enabled and the pcos requests interrupt mastership, 
this input informs the DCO013 that a DMA device i is requesting use of the bus. 


3G IN—When the DCO13. requests interrupt. mastership, this input connects to the 
aonioptiate BUS BG7 through BUS BG4 input. When requesting DMA mastership, it connects to 
the BUS NPG input. 


BUS BG/NPG OUT— When the DC031 requests interrupt mastership, this output connects to the 
appropriate BUS BG7 through BUS BG4 output. When the DC013 requests DMA mastership, it 
connects to BUS NPG output. 
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BUS SACK—This output indicates to the UNIBUS arbitrator that the DOO acknowledges 1 its 
selection as the next master of the UNIBUS. 


BUS BR/NPR—This output indicates that the DC013 has been requested by the REQUEST input 
to arbitrate for mastership of the UNIBUS. If the DC013 is requesting interrupt mastership, this 
output connects to the appropriate UNIBUS line BUS BR7 7 through BUS BR4 BUS BR4 output. If the DC013 
requests DMA mastership, the output connects to the UNIBUS BUS NPR line. 

BUS BBSY— After the DC013 has been granted next bus mastership, it must wait for the current 
master to complete its data transfers. This input informs the DC013 that the current master has 
completed its use of the UNIBUS and provides an output from the DC013 to indicate that it has 
become the current master of the UNIBUS. 


Device Signals - | . 

REQUEST—An i input from the device to request that the DC013 3 begin arbitrating for mastership 
of the UNIBUS. 

MASTER—This output is asserted when the DC013 is asserting the BUS BBSY signal indicating 
that the DC013 is the current master of the UNIBUS. If the DC013 is requesting interrupt 
mastership, this output indicates that the interrupt vector from the device should be transferred to 
the UNIBUS data lines. If the DC013 is requesting DMA mastership, the output is used to trigger 
tha data transfer logic of the master device. 

SACK—This output is asserted when the DC013 is eco the BUS SACK output to acknowledge 
its selection as the next bus master. 

INIT—This i input initializes the logic in ber DC013 to end the bus cycle initiated by the DC013. 
MASTER CLR—This input allows the BUS SSYN input to clear the DC013 logic. The use of this 
input is optional when the DCO013 is used for DMA transfers. | 

CLR SACK ENB This: input causes the the DC013 to deassert the BUS SACK output if the DC013 is 
also asserting the BUS BBSY output. It allows UNIBUS arbitration to resume when the DC013 
becomes bus master. When the DC013 is requesting DMA mastership, this output may be used to 
delay UNIBUS arbitration during multiple data cycles. During the last data cycle, the the master 
logic should assert the CLR SACK ENB input to the DC031 to allow the arbitration to be resumed. 


Power and Ground Connections 
Supply voltage (V,<): Connects to the 5-Vdc power -danpls 


Ground (GND): Common signal and voltage ground 


- Functional Operation 


The following descriptions assume that the reader has a knowledge of the operation of the 
UNIBUS. Refer to the PDP-11 UNIBUS Processor Handbook PDP-11/84, PDP-11/44, and PDP-11 /24 
(Digital document no. EB 26077-41) for a more detailed description of the UNIBUS operation. 


Typical UNIBUS interface implementation of the DC013 for interrupt and DMA data transfers is 
shown in Figure 3. Request and grant signals that are not saa are wired through the interface and 
can be used by subsequent devices. | | 
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a DEVICE 1 | —-Popewce 2? fo  P pewee sp 


Rarer: +C'orHER” a 


| UNIBUS | 
f DEVICES 





Figure 3+ DCO13 Typical DMA and Interrupt Request Configuration 


ed by a “BUS” | 
3 yuired for a 
l of the UNIBUS to trarisfer | 


The signals designations, shown i in the DCO control logic Figure that are uy 
designation connect to the UNIBUS, lines... TI 013 aa : AGS 

device to become bus. master. A bus master can request: and gain contr 
interrupt vectors or data. Be: 


The two types of requests that can be initiated are the interrupt | bus Tequest (BR) and direct 
memory .access. (DMA) | nonprocessor request (NPR). A or at aes use e of t the bus to 
transfer data a or vectors through a an interrupt ir initiates a BR to t > arbitr 
BR results in a processor interrupt and the request, grant, anc trat 

transaction. Only one interrupt transaction may be executed nade a sade grant. 


The NPR is assigned the highest priority and solicits the use of the data section of the bus to 
transfer data between a device and memory without active participation of the processor. A device 

that requests the use of the bus seods an NPR to the ap apsiprator in the CPU. wpa the device is sready 

totransferdata. - | 


The assertion of the REQUEST. input initiates a ‘ptiotiey esa equ 

input of the Take Grant flip-flop. This flip-flop ensures that only one e priority me sequence is 
initiated for each REQUEST input. If the requesting ¢ mevice | is not ee Dicsctiy be bus: agaalen th BBSY: | 
flip-flop is not set. For each request the ions JEST. ir 
iaiage were’ et tyele es can n begin. - sete 


























asserted, thé Egle accepts Ave grant. if ims panel ae 1 
of the same priority level. : iT; 


The BUS BG/NPG IN signal clocks the Take Grant and Steal Grant eas With the atic? 
input asserted, the Take Grant flip-flop is set or if another device is asserting the BUS NPR input 
and the STEAL GRANT input is asserted, the Steal Grant flip-flop is set. Either flip-flop when set 
disables the bus grant driver and negates the BUS BG/NPG OUT signal. When the grant is 
accepted, the SACK flip-flop is set after the 75 ns delay from D2. The delay D2 ensures that the 
Take Grant and Steal Grant flip-flops have time to respond to the BUS BG/NPG IN signal before 
the SACK flip-flop is clocked. When the Sack flip-flop is set, the BUS SACK output is asserted and 
the arbitrator is allowed to negate the grant after a minimum of 75 ns and the bus request signal 
BUS BR/NPR is negated. The BBSY flip-flop is set when the clock input conditions have been 
satisfied. This occurs when the Take Grant and Sack flip-flops are set and the BUS BG/NPG IN, 
BUS SYNC, and BUS BBSY signals are negated. 
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The BUS BBSY and MASTER signals are then asserted. The BUS BBSY signal holds ee bus for the 
master to perform the data and/or interrupt vector transfers. The MASTER signal may be used by 
the master to initiate a data transfer or an interrupt sequence. It may also be used to enable the 
appropriate data or interrupt lines. 


When the requesting device co device completes the ane it asserts the MASTER CLR input. When the 
MASTER CLR and BUS SSYN signals are asserted to indicate that the transfer is complete, the 
BBSY flip-flop is reset. This negates the MASTER R output and after a delay of & 80 ns from D4, the 
BUS BBSY output is negated. 


Delay D3 ensures that the external bus interrupt that i is driven by the MASTER MASTER output is asserted 
before the SACK flip-flop is cleared. The SACK flip-flop may be reset when the bus grant on the 
BUS BG/NPG IN input is negated. | | 

Asserting the INIT input clears the BBSY flip-flop if the bus grant signal BUS BG/NPG input is 
negated. 

A device not requesting the bus may assert the STEAL GRANT input to improve NPR latency. It 
then receives an BUS NPR input followed by a bus grant signal BUS NPG IN. It blocks the bus grant 
intended for a another device and asserts the BUS SACK signal that causes the arbitrator to negate 
the bus grant signal and stop the arbitration. The negation of the BUS BG/N PGIN signal resets the 
SACK flip-flop. 

A device closer to the arbitrator may assert a BUSNPR signal before a grant is issued to a device that 
previously made a bus request. The arbitrator first honors the NPR and issues an NPG. When the 
NPR device has completed its transaction, the arbitrator i issues a bus grant to the original device. | 





- Interfacing Techniques 


The DC013 control logic is used to develop devise naieehacess to génetate ae inteeraspt and 
nonprocessor request. The following paragraphs describe the use of the DC013 and standard 
circuits for typical intertace eon | 


Bus Romiest pie | 
A typical BR UNIBUS a using the DCO13.and standard ICs for the bus diger and receivers 


is shown in Figure 4. This circuit generates one interrupt vector address and transfers the address 
and data to the UNIBUS. The 8641 ICs can be replaced with two DC021 Octal Bus Transceivers. 
The interrupt vector from the 74157 ICs is multiplexed with the data lines from the device. The 
address is selected by inserting and removing jumper leads (V2 through V8). Multiplexing the 
ae before the bus drivers reduces the total UNIBUS loading of the device. 
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SEND DATA 15 | : 2 
REC DATA 15 pi. SFIS 
SENO DATA 14 at . . 
REC DATA 14 12 SUSHI 
SEND DATA 13 
REC OATA 13 : so 
SEND DATA 12 
REC DATA 12 : sUsDR 
SELECT 
t ¢ REC DATAIY 3 GUS BT 
| SEND DATAIO 2 
oh 7400) : ae REC DATA 10 2. GUSH 
8G Out f ee EC DATA OL behead Oi b- Bus 501 
SEND OATAQO .—— 
hag Rec DATA OO : Sus B00 
6G INH 
sus gSvN us iInTR 
Gus nee 
, 1% 3 CASES A RNS 
REC DATA 09 BUS 008 
2 peed 
REC DATA 08 GUS Doe 
si ] 2640) st L resssicoroooeicinio REC DATAO? : Bus 007 
SEND DATA 08 ; 
oe ec REC DATA 06 SUS 006 














ssi satel ~ : 
B vehictcnbnales 1 ij — 
rR a 
es ie | | dus 000 
ey 1§ , 
Yaw SNUMLESS | BUS REQ 
OTHERWISE NOTED , Bus 86S 
Figure 4« ates ae BR ange Circuit 
A bust uest is initiated b a adevic when an interrup is guited. Thel INT ENB si na is normal 
y 


sriatity eats: sequence on hie UNIBUS. When the device foocivin the grant, : h 
output is asserted and begins the interrupt sequence, 


The master device negates both the SELECT and IN IN inputs to disable eh UNIBUS. transceivers ee 
the D< 01:00 > and D< 15:10> lines. iy 3 


When the SELECT input to the multiplexer is sical the Ai inputs are ialeeda. to the bus. 


When the SELECT input is asserted, the B inputs are transferred to the bus. 


The assertion of the MASTER output enables the SEL inputs to the multiplexers, enables the 
outputs of the bus transceivers lines BUS D<09:02> and, after a delay, it enables the remaining 
input to the gate that generates the BUS INTR output. The interrupt vector is therefore available 
before the interrupt is requested that complies with the bus specifications. When the processor 
receives the BUS INTR signal, it reads the vector information on the bus and asserts the BUS BBSY 
signal. The device receives this signal, deasserts the MASTER output to terminate the vector, and 
deasserts the BUS INTR output. After a delay of 80 ns, it deasserts the BUS BBSY output. 
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Nonprocessor Request Logic —_ 
A typical DCO UNIBUS interface circuit for use with a NPR device is shown in Figure 5. 





_ NPR REQ. eer 
suet BUS NPG OUT 
+3 Vv EV BUS NPR 
___ «180 S SACK 
- BUS NPG IN | BUS 
| 390 BUS BBSY 
) NPR MASTER — 
BUS SSYN 


EXTERNAL CIRCUITRY 


_J Generate | | | 
> EL MSYNSIGNAL] §[ 
§ OTHER LOGIC | : 





ENABLE co/ci | 
AND A LINES 





Figure 5« DCOL Typical NPR Interface Circuit 


When an NPR transfer is required, the requesting device asserts the NPR REQ input. The arbitrator 
recognizes this request and issues a nonprocessor grant by asserting the BUS NPG IN input. The 
requesting device blocks the grant from being transferred to the next device interface and 
acknowledges the grant by asserting the BUS SACK output. With this signal asserted, the arbitrator 
negates the grant and stops the arbitration process: With BUS SACK ‘asserted, the arbitrator 
negates the grant and stops arbitrating. When the requesting device receives the negation of the 
BUS BBSY, BUS SSYN, and BUS NPG signals, i it asserts the BUS BBSY TOM becomes bus master, 
and initiates the data transfer. 


The NPR MASTER output, asserted hice the BUS BBSY ae was ei, is used to re i 
external circuits. When the data transfer is complete, the device negates the NPR REQ input to 


| relinquish the bus mastership. The NPR REQ input connects to the INIT input (13). Once a request 


is initiated, the NPR REQ input must remain asserted until the data transfer is complete to Piven 
the premature termination of bus mastership. 


The Steal Grant flip-flop is disabled by connecting the STEAL GRANT (3) and BUSNPR BUS NPR (4) i inputs 


to 3 V. The BUS NPG input is held asserted by the resistor. network. The CLR SACK ENB (15) is 


asserted and the MASTER CLR input is negated by the ground connection that allows only one bus 
cycle for each request. For more than one data cycle, the CLR SACK ENB inp can n be held incgared 
until the se beginning of the last bus kas 


4-276 Confidential and Proprietary 





An interrupt request cannot be performed by a device that has become bus master through an NPR. 
In most NPR applications, an interrupt request usually follows the completion of a set of NPR 
transfers. This interrupt may be used to notify the processor that the NPR transfers are bi aes or 
that an error has occurred during the data transfer. 


Bus Loading Cor tion 


A typical device interface that uses a DC013 for NPR control and a DC013 fot: BR transfers is shown 
in Figure 6. The UNIBUS loading for the BUS SACKand BUS BBSY outputs can be reduced by oa 
the wired-OR configurations from the DCO13 outputs as shown. 











NPR REQUEST . rs BUS NPR 


+5V 


BUS NPG IN | BUS NPG OUT 








BUS SACK [| BUSSACK | 
UNIBUS 
TRANSCEIVERS | | 
BUS BBSY | BUS BBSY 









| NPR MASTER 


BR REQUEST Ps BUS BR 





BUS BG IN | ‘BUS BR OUT 
BUS SACK 
| BR ——— 
~ CONTROL BUS BBSY _. 
LOGIC : T 
| BR MASTER 
Figure 6 = DC013 BR and NPR Wiring Configuration 
- Specifications 


The mechanical, electrical, and environmental characteristics and specifications for the DCO13 are 
described in the following paragraphs. The test conditions for the electrical values are as follows 
unless specified otherwise. 


« Ambient temperature (T,): O°C to 70°C 
= Supply voltage (V,,): 5.0 V +5% 
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20 DCO13 


Absolute Maximum Ratings ; 

Stresses greater than the absolute maximum ce may cause permanent daca: to the dae 
Exposure to the absolute maximum ratings for extended periods may tata affect the 
reliability of the device. , : | : 


= Supply voltage (V,,): 7.0 V 

= Input voltage (V): 5.5 V 

« Ambient temperature (T,): 0°C to 70°C 

. Storage temperature (Jj): -65°C to 125°C 


Recommended Operating Conditions 

« Power supply voltage (Vc,): 5.0 V +5% 

= Supply current (I,,): 140 mA (maximum) 

: Ambient temperature (T,): 0°C to 70°C 

= Relative bneaideg: #0 10% to 95% (noncondensing) 


dc Electrical Characteristics 

The dec electrical parameters of the DC013 for the operating voltage and temperature ranges 
specified are listed in Tables 2 through 4. Table 2 lists the specifications of the TTL input and 
output circuits that do not connect to the bus. Table 3 lists the specifications for the high- 
impedance receivers that connect to the UNIBUS. Table 4 lists the de specifications for the open- 
collector driver outputs that connect to the UNIBUS. Refer to Appendix C for the test circuit 
configurations referenced in the tables. | 


Table 2 = DC013 TTL Input and Output Parameters (nonbus) 


Parameter Symbol Test Condition | Requirements Units Test 
Min. Max. Circuit 

High-level Vai 2.0 — V Ci-G2 

input voltage 3 | 

Low-level Vit 3 ee _ | 08 V CLG2 

input voltage 

Input clamp V, Vec= Open _ -1.2 V C3 

voltage I,=-18 mA | 
High-level = = Von Veet V 2, *3 te C1 
output voltage ~ | Ip=-1.0mA | 


Low-level Ve Vec=4.75 V - faa es oe 
output voltage ; 


pinll | Ip =20 mA! _ 205." oN 
pin 12 Ip5=2mA —_ 05 #V 
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DCO013 





Parameter oy Symbol Test Condition Requirements Units Test © 
: | : = Min. . Max. Circuit 

Input current  O& Vec=5.25 V — 1.0 mA C3 
at maximum Vi=5.5V | . 
input voltage | 
High-level a Vec=5.29 V C4 
input current 3 V,=2.7V : 

pins 13,15 . _— 30 pA 

pins 1,14 | 2. 100 pA 
Low-level ion oc25.25V | | C5 
input current V,=0.5 V | 

pin 15 — -0.55 mA 

pin 1,13,14 ; | = -11 mA 
Short-circuit le ees oy? eee eee C6 
output current i eaten: BS ede oe _—_ | 

pin 11 a -40 ~~ -100 mA 

pin 12 | fo £50 -45 mA. 


Supply current i Vec=5.25 V cis 140 mA C7 


‘Requires a load current of 70 mA at pin 10. 
Not more than one output shall be short circuited at a time and the duration of the short shall not 
exceed 1 second. : 


Table 3 = DC013 High-impedance Bus Receiver Parameters , 


pin 10 Vec=5.25 V —_ 65 


Parameter Symbol Test Condition near Units Test 
Min Max. Circuit 
High-level. Ves bc WANTON eo, ASRS caeste Ses Virgie, 2 C2 
input voltage —s_—w gee Veg 25.25 Ve 170, oe V , 
Low-level Vi Vics 4IS VR eo Bags C1,C2. 
input voltage Voe= 5.25 Vo a ER OY ES 
Input clamp V, Vec=4.75 V — =1,2 V C3 
voltage I,=-18 mA 
High-level la c= 0 V <7. 40 pA C4 
input current* V,=3.8V 
Vec=5.25 V — 40 pA 
pin 10 Ve=0V — 40 pA 
pA 
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Parameter _ Symbol Test ©. _ Requirements Units Test. 
Condition Min. Max. Circuit 
Low-level oa Vec=0V aa -10 pA G). 
input current* V=0 = -10 pA 
Vec=5.25 V 
V,=0 
pin 10 Vae0V oo -10 pA 
V,=0.5 V 
pin 10 | Veo 5.25 V — ~10 yA 
| V,=0.5 V 





* All pins except pin 10. 


"Table 4» DC013 Open-collector Bus Driver Parameters 


Parameter Symbol Test Condition § Requirements Units _‘Test 
| Min. Max. Circuit 
Output reverse =§ Igy Vec= 4.75 V — 25 pA C1 
current* Vane V. 
pinlO Bt my 0 OO a tiny 
Low-level . | Vor Vee = 4.75 V V C2 
output voltage Link = 70 mA aoe 0.8 V 
Link = 16 mA _ 0.5 
* All pins except pin 10. 
ac Electrical Characteristics 


The input/output signal timing for the UNIBUS request logic is shown in Figure 7. The transient 
specifications for the signals are listed in Table 5. Refer to Figure 8 for the load circuits used in 
measuring the TTL outputs and open-collector outputs. Refer to Appendix D for the voltage 
waveforms used in measuring the propagation delays. 
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Signal 


CLR SACK ENB 
MASTER CLR 
INIT 

BUS NPR 

_ BUS BG/NPG IN 
BUS SSYN 

BUS BBSY 


BUS BG/NPG IN 





BUS SACK 


BUS BR/NPR 
INIT 
MASTER .. 


BUS BBSY 


BUS BBSY 
MASTER 


Figure 7 = DC013 Signal Timing Sequence 








Table 5 - DC013 ac Signal Transient Specifications 


Input Voltage Parameters (ns) 
Rise Time 
0 to 3 215 
0 to 3 215 
0 to 3 215 
0 to 3 215 
1 to 2 =10 
1 to 2 210 
1 to 2 =10 
1 to 2 =10 
1 to 2 210 
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Fall Time 


AP} MY AM 
RL RAL ALS 


= 10 
=10 
= 10 
=10 
=10 
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Vcc 
FROM 6082 } FROM .... 
OUTPUT 
TEST OUTPUT Pet 
POINT DIODES 


FD777 OR 
EQUIVALENT 


LOAD A-OPEN-COLLECTOR CIRCUIT 





LOAD B-TTL EQUIVALENT CIRCUIT 
*R11S 2802 FOR PIN 11 AND 2kQ FOR PIN 12 


Figure 8 » DCO13-Output Load Circuits 


Mechanical Co tion 
The physical dimensions of the DC013 20-pin DIP are shown in Appendix E. The materials and 
construction of the DIP are defined in Digital Specification A-PS-210002-GS. 
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- Features 


« Bidirectional bus transceivers 


= Incorporates receiver noise immunity 


« Input and output levels compatible with UNIBUS and Q-bus 


= Provides three-state TTL outputs to interface 


= Open-collector bus drivers 


Description 


The DC021 is an octal bus transceiver contained in a 20-pin dual-inline package (DIP) and is 
compatible with both the UNIBUS and Q-bus. The DC021 provides eight bidirectional channels 
that transfer information between a wired-OR bus and a user interface. It provides high-impedance 
receiver inputs and high-current, open-collector driver outputs. The DC021 transfers TTL-level 
signals between the device logic and the bus. The Select and Enable inputs to the DC021 are used 
to control the direction of information transfer. The cia logic diagram of the DC021 is 


shown in Figure 1. 


ENABLE 


SELECT 


BUS 1 


4 FTRANSCEIVER 1 












J CHANNEL 1 










ial 2 


— CHANNEL 2 


| TRANSCEIVERS ! 








Figure 1* DC021 Simplified Logic Diagram 
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- DCco21 
. Pin and Signal Definitions 


This section provides a brief description of the input and output signals and power and ground 


connections of the DC021 20-pin DIP. The pin assignments are shown in Rigor 2 and the signals 
are summarized in Table 1. | | 












SELECT(]1 @ 
BUS 1(]2 
Bus 23 
BUS 3(14 
Bus 445 
Bus 5 (16 
BUS 6{]7 
BUS 7(18 
Bus 8(19 

GND C10 


19 [7] ENABLE 

18[-) CHANNEL 1 
17() CHANNEL 2 
167 CHANNEL 3 
150) CHANNEL 4 
140) CHANNEL 5 
13(F) CHANNEL 6 
12 (C] CHANNEL 7 
11 C]CHANNEL 8 


TOP VIEW 


Figure 2» DC021 Pin Assignments 


Pin _ Signal 

1 SELECT 

2-9 BUS 1 to BUS 8 

10 GND 

11-18 | CHANNEL 8 to 
CHANNEL 1 

19 ENABLE 

20 Vee 

'TTL level 

“high-impedance 


>open-collector 
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Table 1 = DC021 Pin and Signal Summary 


Input/Output 


input’ 


input?/output? 


input 


input'/output! 


input! 


input 


Definition/Function 


Receiver/driver select—A low input enables the 
driver outputs to the bus wnen the ENABLE input 
is low. A high input enables the receiver inputs 
from the bus when the ENABLE input is low. 


UNIBUS lines—Eight bidirectional line receivers 
that connect to the bus. 


Ground—Common ground connection. 


Interface channel—Eight bidirectional lines that 
connect to the device interface. 


Enable—A low enables the SELECT input to select 
the drivers or receivers. A high disables the drivers 
and the receiver outputs become high impedance. 


Voltage—Power supply dc voltage. 


Confidential and Proprietary 





caramel imran 





~ DCO21 


Enable and Select Function 
Table 2 lists the ceacde of the transceiver as nae to the ENABLE ENABLE and SELECT control inputs. 


Table 2 « DC021 Control Signal Functions i 
Signal Inputs* Function Driver Receiver 





ENABLE SELECT a aed 
LE ee ee high iene 
L — #H —_— ‘bus-to-TTL wees  Shabled | 
H X eA no transfer  =— disabled _~ high impedance _ 
*H=high level nore 7 ae 
L=low level 


X = high or low level 


Specifications 
The mechanical, electrical, and environmental characteristics and ecclicauons for the DC021 are 


described in the following paragraphs. The test conditions for the electrical values are as follows 
unless specified otherwise. | ee 


« Ambient temperature (T,): 0°C to 70°C 
« Supply voltage (V,,): 5.0 V +5% 


Absolute Maximum Ratings 

Stresses greater than the absolute maximum ratings may cause . permanent damage to the device. 
Exposure to the absolute maximum eating | for ee Lair may adversely affect the 
reliability of the device. | 


= Supply voltage (Ver): 7.0V 

- Input voltage (V,,) and output voltage (V.,,): 5.5 V 
« Ambient temperature (T,): 0°C to 70°C 

- Storage temperature (T;): —65°C to 150°C 


Recommended Operating Conditions 

= Power supply voltage (Vo): 5.0 V +5% 

« Supply current (I,,): 240 mA (maximum) 

« Ambient temperature (T,): 0°C to 70°C 

= Relative humidity: 10% to 95% (noncondensing) 
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dc Electrical Characteristics 


pco21 


The de electrical specifications of the DC021 for the operating voltage and epacwnie ranges 
specified are listed in Tables 3 through 5. Table 3 lists the dc parameters for the bus-to-channel 
receiver input and outputs. Table 4 lists the dc parameters for the channel-to-bus driver inputs and 
outputs. Table 5 lists the dc parameters for the enable and select i inputs. Refer to Appendix C for 


the test circuit contiaurations referenced i in Tables. 


‘Table 3 DC021 Receiver Input and Output dc Parameters 


Parameter Symbol Test Condition reer Units 
| : 4 i Max. 
High-level Via. Enable/Select' 
input voltage Receiver out = 20 mA 
Receiver out < 0.5 V 
Vece= 4.75 V 1.72 a a 
Vec=9.25 V 1.9 — V 
Low-level Vit Enable/Select' 
input voltage Receiver out = —2.0 mA 
ss Receiver out > 2.4 V nae 
Vec= 4.75 V fess 150 V. 
Vec=5.25 V — 1.66 Vo 
High-level Vou _ Enable/Select’ | 
output voltage Receiver in=0.4 mA 
| Receiver out = —2.0 mA 
Vec= 4.75 V 2.4 —- Vv 
Low-level | Vo. __ Enable/Select’ 
output voltage —- Receiver in=0.4 V 
Receiver out = 20 mA 
Vee = 4.75 V —_ 0.5 V 
Short-circuit los Enable/Select? | 
output current Receiver in=0.5 V 
Receiver out = 0 V : 3 8 a an 
Vec= 5.25 V -40 -100 mA 
Three-state Le Enable/Select* | | 
output leakage Receiver in=0.8 V | _ 
current 3 Receiver out =0.4 V — 50 pA 


~ 1Enable=0.8 V, Select =2.0 V 
-- ?7Enable=0.8 V, Select = 2.4 V 
5FEnable=0 V, Select = 2.0 V 
‘Enable = 2.0 V, Select = 2.0 V_ 
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Test 
Circuit 
C1,C2 


C1,C2. 


Ci 


2? 


ce 





_. Table 4= DC021 Driver Input and Output de Parameters 
Parameter Symbol Test Condition Requirements Units 


High-level Tozu 
output leakage 
current 





High-level i. 
input current 
and receiver 


output leakage 


current Tee | 


Low-level Lisa 
output leakage 
current 


Low-level Vor 
output voltage 


Low-level ly 
input current 


Enable/ Select® 


~ Vec= 4.75 V i saa a 7 


Max. 


Enable/Select' 

Driver in=0.8 V 

Driver out = 4.0 V 

Vec=5.25V | a 100 pA 
Enable/Select? 

Driver in=0.8 V 

Driver out = 4.0 V ae 
Vec=5.29 V — 100i 


Enable/Select! 
- Driver in=0.8 V. 


Driver out =0.4 V 


ViceOW 8 8 Mee Li ecieatogir cpa) 


Enable/Select? 
Driver in=0.8 V 


_ Driver out=4.0V 


VerOV 00h 


Driver in=0.4 V 
Receiver in=5.5 V Bee 
Voc=5.25V> — 200s pA 


Enable/Select* 

Driver in=2.0 V- ma - 
Receiver in=4.75 V — , 60 HA 
Enable/Select' 

Driver in=0.8 V 

Driver out =0.4 V 


Vee =5.25 V dae OES mA 


Enable/Select? 
Driver in=2.0 V 
Driver out = 0.4 V 


Voe=5.25 V mci ee 85 om 


Enable/Select’ 
Driver in=2.0 V 
Driver out = 100 mA 


<< 


Driver out = 130 mA ee 0.75 
Enable/Select® 


~ Driver in=0.4 V 


Receiver in=0.8 V - | - 
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Test 
Circuit 


9 


C4 


C9 


C8” 


Co 


C5 
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es 
High-level Vix 
input voltage 

Low-level Viz 
input voltage 


Test Condition © 


‘Enable = 0.8 V, Select =0.8 V 


7Enable = 


2.0 V, Select = 2.0 V 


-Enable=5.5 V, Select =5.5 V 


‘Enable = 
>Enable = 
maa 


2.0 V, Select = 2.4 V 
0.8 V, Select =2.0 V 
= 0.4 V, Select =0.4 V 


“Min. Max. 
7. = 
oe 0.8 





Test 


CLC2 


C1C2 


"1, total consists of 40 pA (maximum) and Ip, 20 pA ieaciiwiaia) leakage current in the high- 


impedance state. 


®A pplies to all possible combinations of V,, and Vy, at 0.8 V or oo OV 


Table 5 - DC021 Enable and Select Input dc Parameters 


Parameter Symbol 
High-level Vin 
input voltage 

Low-level Vi 
input voltage 

High-level Lia 
input current 


Low-level In 
input current 


Input diode- _‘V, 
_ clamp voltage 


Test Condition 


Enable or Select 
input’ 

Enable or Select 
input’ 

Veg = 5 .2> V 
Enable =2.4 V 
Enable input 


‘PAable= 55 V 


Enable input 


Select = 2.4 V 
Select Input 


‘Select =5.5 V 
Select input 


Vee = 5 2) V 
Enable or Select 
input =0.4 V 


Vec=5.0 V +5%? 


_ Enable= —-18 mA 


Select = — 18 mA 


Driver in= 


—18 mA © 


Requirements 
Min. —= Max. 


20. _... <s 


— 0.8 


— ‘400 


— 100 


— Swe 12 


‘Applies to all possible combinations of Vy; and Vy at 0.8 V or 2.0 V. 


2A mbient temperature is 25°C. One input at a time. 
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Units 


V 


<j 


> & BB 


> 


- Jest 


Circuit 
C12 


C1,C2 


C4 


Ca 


C3 


DC021 





ac Electrical Characteristics 

The propagation delays for the receiver input and output signals are listed in Table 6 and the 
waveforms referenced in the table are shown in Figures 3 and 4. The load circuits referenced in the 
table and used in the delay measurements are shown in Figure 8. 






RECEIVERIN 
1.7 


RECEIVER OUT 


th AND te = 10 ns BETWEEN 10% AND 90% LEVELS. 


REFER TO FIGURE 8, LOAD A FOR OUTPUT CIRCUIT. 


Figure 3» DC021 Receiver Input to Output Propagation Delays 











3.0V 
ENABLE 
ae aog 5 ee OV 
TTL OUTPUT S1 CLOSED ASV 


RECEIVER IN=24V 52 OPEN 





| tpZzH 
TTL OUTPUT S1 OPEN, - 7 fa ae fs Vy -0.5'V 
RECEIVER IN= O08V S2CLOSED / \ 15V 
na ee Oo V 


REFER TO FIGURE 8, LOAD B FOR OUTPUT CIRCUIT 


Figure 4» DC021 Receiver Enable and Disable Propagation Delays 
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The receiver input waveforms for the noise immunity test are shown in Figure 5. The values 


indicated are for no response at the output. The load circuit referenced in Figure 5 and used in the 
delay measurements is shown in Figure 8. | 


'R AND te = 3.2 ns + 10% BETWEEN 10% AND 90% LEVELS. 
RECEIVER OUTPUT > 2.2 V 





Ons 
WAVEFORMA 


'R AND te = 2.4 ns +10% BETWEEN 10% AND 90% LEVELS. 
RECEIVER OUTPUT > 2.2 V 





'R AND te = 3.2 ns + 10% BETWEEN 10% AND 90% LEVELS. 
RECEIVER OUTPUT > 0.7 V 





9ns 


'R AND te = 2.4 ns + 10% BETWEEN 10% AND 90% LEVELS. 
RECEIVER OUTPUT > 0.7 V 





WAVEFORM D 


REFER TO FIGURE 8, LOAD B FOR OUTPUT CIRCUIT. (S1 AND S2 CLOSED) 


Figure 5 = DC021 Noise Immunity Input Waveforms 
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Table 6 = DC021 Receiver ac Propagation Delays 


Symbol Voltage Test Condition. Requirements Units Load 
Waveform : Min. Max. Circuit 
— Figure 3 Vec=4.75 V 3 Figure 8A 
Enable =0.8 V MELEE ee 
Select = 2.0 V oer 
V,.=0.8 V to 2.6 V _ ae > ae ns — 
V1.2 V to2.2V = ‘39 ns 
tam Figure 3 Voc =4.75 V oF he WEES Figure 8A 
Enable =0.8 V eo oe | 
Select =2.0 V bape. 
V,,=0.8 V to 2.6 V — 35. ns 
| | V,,= 1.2 V to 2.2 V- men. FQ... ns 
ten. Figure 4 Vec=4.75 V PE ceed pl cee Figure 8B 
Enable =0 V to 3.0 V - . 
Select = 2.0 V , tel 
| Receiver in=2.2 V _ 37 ns : | 
ton Figure 4 Vec=4.75V | age TP es Figure 8B 
Enable=0 V to 3.0 V vee iue | 
Select =2.0 V rae 2 
Receiver in=2.6 V — 30 ns 
tpiz Figure 4 Vec=4.75 V Figure 8B 
Enable=0 V to 3.0 V 
Select=2.0 V _ | 
Receiver in=2.2 V — 30 ns 
_ Figure 4 Vec= 4.75 V. OO | : Figure 8B 
Enable=0 V to 3.0 V 
Select = 2.0 V ! 
_Receiverin=2.2V | — 30 ns 


The propagation delays for the input signals to output signals are listed in Table 7 and the delay 
waveforms referenced in the table are shown in Figures 6 and 7. The load circuit referenced in the 
table and used in the delay measurements are shown in Figure 8. 
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tent 


toy 


ton 


ta/tp 
Ci? 


'C, = 15 pF including probe and jig capacitance. 


_ Voltage 


Waveform 
Figure 6 


Figure 6 


Figure 7 


Figure 7 


Figure 7 


Test Condition 


Select = 0.8 V 
Receiver in=0.5 V 


Ver = 4. 75 V 
Select = 0.8 V 
Receiver in=2.4 V 


cc=4.75 V 
Enable =0.8 V 
Select =0.8 V 
Vee =4.75 V 
Enable=0.8 V 
Select = 0.8 V 


1 


OV 2 Vino 2 4.0V 


Driver output node capacitance. 
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DRIVER OUT 


tr AND tp = 2.5 ns BETWEEN 10% AND 90% LEVELS. 


'PLH 


Table 7 » DC021 Driver ac Propagation Delays 


Requirements | 


Min. 


8.0 


REFER TO FIGURE 8, LOAD C OUTPUT CIRCUIT. 


Max. 


35 


35 


25 


(25 


20 





Units | 


ns 


ns 


ns 


ns 
ns 
pF 


Figure 6 = DC021 Enable Input to Driver Output Propagation Delays 
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Figure 8C 


Figure 8C 


Figure 8C 


‘DCo21, 








1 ys 
3.0 V----- 

DRIVERIN 1.5V---- ---15V: 

Heo ay ri | : You 
tR ie 

ee | 4 , VOH 
‘DRIVER OUT ia eee ee, 
ae eV Ol. 

te ’ ! 

‘DHL toLH- 


- tr AND te = 2.5 ns BETWEEN 10% AND 90% LEVELS. 


REFER TO FIGURE 8, LOAD C FOR OUTPUT CIRCUIT. 


Figure 7 « DCO21 Driver Input-to-Output Propagation Delays 


Table 8 lists the current requirements of the DC021 for various input signal conditions. 





Table 8 - DC021 Current Requirements 
Test Condition* _ Function _ ires 





Select =0.8 V | TTL-to-bus fase 240 mA 
Enable =0.8 V 
Driver in= 3.0 V 


Select = 0.8 V TTL-to-bus _ 150 mA 
Enable=0.8 V 
Driver in=0 V 


Select =2.0 V bus-to-TTL a 165 mA 
Enable=0.8 V 
Receiver in=2.4 V 


Select = 2.0 V bus-to-TTL oa 110 mA 
Enable=0.8 V 
Receiver in=0.5 V 


Select = 2.0 V disabled ans 165 mA 
Enable=2.0 V 

Receiver in=2.4 V 

Driver in=0.8 V 


a ee = 5 2) V 
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TEST 
Vcc Q concen | BOINT | $ 2000 





TEST FROM 







FROM 39082 ) 
OUTPUT POINT. OUTPUT 
160022 
ALL DIODES 

7 ARE 1N3064 

LOAD A-OPEN-COLLECTOR CIRCUIT \s 
- LOAD B-THREE-STATE TTL CIRCUIT 

FROM TEST 
OUTPUT POINT 





LOAD C-OPEN-COLLECTOR CIRCUIT 


Figure 8 = DC021 Output Load Circuits 


Mechanical Configuration | 
The physical dimensions of the Dc021 20-pin DIP are ey in i eitlies E. 
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- Section 5—Mass-storage devices | 
The mass-storage devices are used in the development of disk and tape drive interfaces. 
DC018 Serializer/Deserializer Logic—The DC018 is a 40-pin DIP bipolar device that converts serial 
data from a drive into parallel data and parallel data into serial data. 
DC024 Encoder/Decoder Logic~The DC024 is a 28-pin DIP device that encodes and decodes the 
information between the head electronics of a mass-storage device and the logic of the DC016 
serializer/deserializer. 
DC309 Reed Solomon Generator for ECC—The DC309 is a 28-pin DIP dynamic NMOS device that 
implements a Reed Solomon error correction code (ECC). 
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: Features 


= Converts serial data i into parallel data and Parallel data into > serial data. 7 





. Correlation logic provides autostart recapabilities. 
- Two speed variations available. ' 
» Selectable word length o of 8, 10, or 16 bits. 








ieee 3 

The DC018 serializer/deserializer, contained ir ina 40-pin dual- inline package (WP), is isa a bipolar LSI 
device developed for 1 use in disk-drive controllers. It provides the circuits and logic required to 
convert serial data into parallel data and parallel data into serial data. The Seite performs 1 the 


conversion at a minimum serial-bit time of 36 nanoseconds. Figure Li is a simp ifi 
of DCO18. 









UPPER 





LOWER SHIFT REG. 


























| Ro 1/0<15> 
~ SHIFT REG. avian deter 
CONTROL UPPER SHIFT REG. .. 
—— 10 < 00> 
LOWER 79 15 
SHIFT REG. 
CONTROL 
| SYNCH BYTE DETECTOR -—+ ACD 
CE 
POTSE 
POM 
OUTPUT SHIFT 
WLSO REG. MUX TSSCO 
WLS1 
SDIO | TSSDO 
| CHIP 
sDI1 ne SDO 
scl | 
MR 
DR 
PLS 
SOTSE 
SDIC 
ar O/UR 
HI 
STATUS | > PRDY 
}——_» wrc 





Figure 1 = DC018 Simplified Block Diagram 
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~ Clock Frequency 


14.3 Megahertz (maximum) 
27.7 Megahertz (maximum) 


19-17043-00 
19-17043-01 





The DCO18 is available in the following variations depending on the clock speed required. 
Digital Part No. 


The DC018 contains input logic that selects the serial data input line and parallel data word length, 
and controls the conversion process. An upper and lower 16-bit shift register and associated logic 
control the parallel I/O data transfers to and from the chip. The parallel data is available from three- 
state drivers circuits. The serial data outputs are available from the output shift register. One 
output provides TTL levels and is used for serially cascading two DC018 chips. The remaining 
output provides three-state driver output levels that are externally controlled for the parallel port 
and serial port operation. An autostart feature allows the serial-to-parallel conversion process to 
begin upon recognition of a serial-input bit pattern. 


Autocorrelation logic detects 9 serial-input bits out of 12 bits at clock ee up to 14, 3 
Megahertz. At clock frequencies from 14.3 to 27.7 Megahertz, the autocorrelation logic detects 10 
serial-input bits out of 12 bits. During the shifting operations, the logic searches for a maximum of 
5 bits that are in agreement. When the correlation is detected, the conversion process occurs in any 
one of the selectable word lengths of 8 bits, 10 bits, or 12 bits. 


Pin and Signal Description 


This section provides a brief description of the input and output signals and power and ground 
connections of the DCO18 40- pin DIP. The pin assignments are identified in Figure 2 and 


summarized in Table 1. 





TTLGNDG1 401 Vcc 


Acd G2 39[) TSssco 
sci 3 381] TssDO 
o/ur (4 3710 SDO 
PRDY (5 36) WRC 
DR(Ce6 35) SOTSE 
vo 07 (7 [) vo os 
vooe tig - VO 09 
vO 05 C19 VO 10 
voo4 (1 vO 11 
V0 03 {11 V0 12 
vo 02 (112 V0 13 
vo 01 (13 V0 14 
vO00(] 14 v0 15 
spi1Qj15 261 PLS 
spi0 (] 16 251] POM 
spic (J 17 1/0 GND 
POTSE (118 231] MR 
cE (19 22) WLs1 


TOP VIEW 


Figure 2» DCO18 Pin Assignments 
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1 TTLGND 


2 ACD 


3 SCI 


Table 1+ DCO18 Pin and asia 


output’ 


input’ 


output’ 


output’ 


input’ 
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TTL ground—A TTL ground reference. Pin 1 con- 
nects to pin 20 in the shortest possible path 


Autocorrelator detect—Asserted by the sync byte 
detector when a ‘sync byte i is present. Used for test 
pu es only. 


Serial clock—Data is shifted into the shift register 
on the positive edge of this signal. 


ndetrun~Indicates that data has been 
miaged during a transfer on the parallel port, as 
follows: Cleared by the master reset pulse (MR). 


L; arallel i in mode—Asserted to indicate an overrun 
condition i in the parallel out mode when the POM 
signal and parallel ready (PRDY) signal are asserted 
and the data ready (DR) signal is not asserted within 
ni word time. 


- Parallel out mode—Asserted to indicate an 
villarfan condition when POM signal is negated 
and PRDY signal is asserted, if the parallel input 
(PLS) is not asserted within the word time. 


el ready—Indicates that the DC018 is ready to 
comes or receive data as follows: 

\sserted in the parallel out mode (POH asserted) 
wien data is available on pins I/O < 15: 00> and if 
the parallel out three-state enable (PO' signal is 
asserted. It is negated by the assertion of data 
received (DR) if POTSE is asserted. 


2. Asserted in the parallel in mode (POM negated) 
when the DC018 is ready to receive parallel data and 
the master reset (MR) is negated. It is negated by the 
negative edge of the parallel input strobe (PLS). 


3, If conditions 1 and 2 do not occur, PRDY will be 
ace before the parallel data becomes invalid and 
an overrun. or wees condition (O/UR). will be 


indicated. 


Data tip Assented by the user to indicate that 
the parallel data on pins 1/0<15:00> has been 
received. In the parallel out mode (POM asserted) 























when the data is available and the POTSE signal is 


asserted, the DC018 asserts the PRDY line. After the 
data is received, the assertion edge of the DR signal 
negates the PRDY signal. 
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Pin Signal. 





7-14 1WO< 15:00> inpusourput “Parallel data pare onan Sixteen parallel data 


27-34 . ee lines that provide controllable three-state level out- 
| 7 7 puts and include TTL level gates for the parallel 
input signals..The POM input selects the function of 


BES oe 8 the lines. a | 
15 SDI1  —Ssinput' Serial data in 1—Serial data input channel 1 
selected when the serial data input control (SDIC) 

signal is high. 4, 
16 SDIO input! | Serial data in 0—Serial data input channel 0 


selected when the the SDIC signal is low. 


17 _ SDIC input! Serial data input control—When high, this input 
oe _ selects serial data input channel 1 (SDIO) and when 
low it selects serial data input channel 0 (SDIO). 


8 PO’ TSE input! Parallel output three-state enable—Asserted to 
| ) ee enable and negated to disable the parallel three-state 
outputs I/O < 15:00>). 


9 + -e€E | input! _ Counter enable—In the parallel-in, serial-out mode, 
besee sy el dee of _ this line is asserted to allow the next positive edge of 

_ the clock input (SCI) to enable the internal bit-rate 

_. counter. In the serial-in, parallel-out mode, this line 
is asserted to permit the detection of a sync pattern 
of the serial data to enable the bit-rate counter. 


20. 2 ©GND input _ Ground—A ground reference. Pin 20 connects to 
7 aps 9 vend pin 1 in the shortest connection possible. 
21 = + WLSO input" | Word length select O—Used with word length select 


1 to select the length of the parallel data output 
word, as follows: 
WLSO  WLS1 Wordlength 


es tee H 16 bits 
H L 10 bits 
| ee H 8 bits 
22 : WLS1 input! Word length select 1—Refer to word length select 0 
oe ae oe _ description. 
23 MR input! - Master reset—Asserted to reset all internal registers 
Be Gane rer " _ and counters in the DC018." 
24° YOGND~ _ input fe Bah Input/Output ground—An isolated Soi refer- 
. ee Bene Es ence for parallel outputs I/O < 15:00>. 
Pes : POM __input' ~~ Parallel out mode—Asserted to select the serial-in, 


~ parallel-out mode and negated to select the parallel- 
in, serial-out mode. 
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Pin Signal Input/Output —_Definition/Function 
26  ~3>6 PLS — input® Parallel strobe—In the parallel-in, sérial-out mode, 


this signal is asserted after the parallel ready (PRDY) 
is asserted, to load the parallel data on lines 





1/O<15:00> into the parallel registers of the 
DC018. The PRDY signal’ negated when this signal 
becomes low before the next cycle can occur. 





35 SOTSE input! Serial-out three-state enable—Asserted to Sakic 
and negated to disable the outputs of three-state 
serial data out (TSSDO) aed serial aoe out 
(TSSCO) lines. 


36 WRC output! == Word rate cloc k—A clock output aire 50 percent 
duty cycle that is decoded from the modulo z (n 
bit, 10 bit, or 16 bit) counter with a clock period of n 
bit times. The WRC signal is asserted with a count of 
zero and negated at n/2 bit time. 


37 SDO output. ——~—- Serial data output—Used to cascade the weal an 
from two DC018 chips operating with the same 
serial clock input (SCI). It exhibits the same delay 
characteristics as the serial data input (SDIO and 
SDI1) and the O<15: 00 o>. outputs as described 
for the TSSDO fi ips The minimum Pebeeition 














38 == .TSSDO ___ output’ 


a9 2 TSSCO output? 





delay soalonite to the propagation time med e 


the TSSDO output; therefore, the positive-going 
edge of the clock pulse is sy ronized with TSSDO 
output bits. The clock output. is coptrolled be the 
SOTSE signal. 


40 Vie input Voltage—Power supply dc voltage 


ITTL levels 
Three-state 






Confidential and Proprietary 5-5 





: Specifications 


The mechanical, electrical, and secrtiinientat eared na eectitaaoas a the DC018 are 
described in the following paragraphs. The test conditions for the electrical values are as follows 
unless specified otherwise. Refer to Digital specification A-PS-2100002-GS for detailed specifica- 
tions of the DC018. 


- Operating temperature (T,): 0°C to 70°C 
- Supply voltage (Vcc): 5.0V 45% 





Mechanical Conhicitaizcn | 
The Pansies dimensions of the DC018. 40- -pin DIP are 6 contained in Appendix E. 


Absolute Maximum Ratings 

Stresses greater than the absolute maximum ratings may cause permanent damage to the device. 
Exposure to the absolute maximum ratings for. extended periods may adversely affect the 
reliability of the device. 


* Supply voltage (V..): 7.0 V_ 





a ‘Input voltage (V,): 5.5 V. 
- Operating temperature (T,): 0°C to 70°C 





. Storage temperature (T,): -65 °C to 125 2G | 


Reciemented Operating Conditions 

a Supply voltage (V¢,): 5.0 V +5% | 

- Supply current (I,,): 425 mA (maximum) 

: Free-air temperature (T,): 0°C to 70°C | 
. Relative boast 10% to 95% (poncondensng 


dc Electrical Chideactesistios 

The dc electrical parameters of the DCO018 3 fot the operating voltage and temperature ranges 
specified are listed in Table 2. Refer to Appendix C for the test circuit configurations referenced in 
the table. 
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Table 2+ DCO18 de Input and Output Parameters 





Parameter 
High-level 


input voltage — 


Symbol 
Vin 





input voltage _ 





Input clamp 
voltage 


High-level 
output voltage 


output voltage ~ a 


Vou 


ths 4 


ioe C2 





Input current 


input voltage 
High-level — 
input current 


Low-level 


input current : - 


Short-circuit | 
output current — 


High-impedence 


state output 
current 


Supply current 


Input 
capacitance 


| _ 


lou 


loan 


Lec 
CG, 


oe 25V 


V" =0.4 


Vec = 5 2) Vv 


Vec=5.25 V 


Vo=0.4 V 


Table 4 
Veg =5,25 V ine 


-100° 


— F 8.0 


-5.0° mA 


Sti Ra Rede es 


C6 





pF 


C5 


ee 


yA C9 


‘Tl, =-1 mA for SDO, -6.5 mA for TSCCO and TSSDO, -400 mn for all other outputs. 
71,=1 mA for ACD, 20 mA for TSSCO, TSSDO, and SDO, 5 mA for all other outputs. 


>T.4= 20 pA for SDIO, SDI1, MR, and SOTSE 40 pA for SCI, SDIC, CE, POM, DR, PLS, WLSO, and 
WLS1, 80 pA for POTSE, -140 pA for I< 15:00>. 


‘I,,=—-400 pA for SDIO, SCI1, SOTSE, I1<15:00>, and DR, -800 pA for SCI, CE, POM, PLS, 
WLSO, WLS1, MR, and POTSE, -1.0 mA for SDIC. 


>Not more than one output shall be short-circuited at a time and the duration of the short shall not 
exceed 1 second. 
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DCO18 


Uns for WRC) Failure to perform this test where indicated on Table 3 will cause the WRC output to 
change states. Ip, for ACD =-20 mA (minimum) and -50 mA (maximum), 


"Tou = 50 uA, loan =-50 WA for TSSCO and TSSDO, Ion =In, lom=1, for 1< 15: 00>. 


ac Electrical Characteristics 

The input and output signal timing for the DC018 is shown in Figures 3 through 10. ‘The : 
propagation delays and conditions for the symbols on the timing diagrams are described in Tables 3 
through 8. Refer to Appendix D for the input and output voltage waveform parameters used for 
measuring the signal propagation delays. Figure 11 shows the load circuit for the TTL eae and 
the load circuit and waveforms for the three-state outputs. 


: Os BrA0 
pROY YALL SO) OTT \¢ 
— a is 
DR 6 Spm WETS SEE LT st 


POTSE 





VO <15:00> 


. D/UR 


WRC 





+ _—@—+s—_@ +} 


DR | 





FOM ASSERTED 


NOTE: TWO ARROWS DEFINING AN EDGE IMPLY THE 
EDGE OCCURS WHEN BOTH CONDITIONS oe SATISEIER:: 


Figure 3 = DCO18 Signal Timing A 
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Symbol Conditions 


“IP a], i] wl] dO] | 


13 
14 


DR can be asserted up to 
(m-1)(tcp)—tremp (nanoseconds) = 
after the negative-going edge of SCI 
where; 

m=8, 10, or 16 bits, 

tcp = input clock period, 





8 


See Figure ty 


tz 


IEDR isnot assed daring the previous 
word cycle, O/UR will be asserted by the 


DCO18. 


WRC will be negated by DC018 in the .. - 


middle of the 8 (4th bit), 10 (5th bit), 
or 16 (8th bit) word cycle. 


Pulse width low 

Pulse width high 

Valid data will be present on 

I/O <15:00> before PRDY is asserted. 





40 
40 


C,=50 pF 
Max. 


Min. 


18 


40 
40 
5.0 


3D 
30 


«30 


36 


18 
25 


70 


30 





he Pe 





DR 


PRDY —— 
Sey 





Figure 4 = DCO018 Signal Timing B Soa 


Table 4 = DC018 Signal Timing B Parameters 


Symbol Conditions Propagation Delay (ns) 
Min. Max. Min. Max. 
~ Setup time | peed: aembeheton on 2 
ae ate 30 


Setup time 7 : 400 — 400 — 
a = -_ 45, 


3 
4 
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| @ aoe OF = 


EXPANDED DIAGRAM 
“PLS 


1/0<15:0> 





POM NEGATED 


Figure 5+ DCO18 Signal TimingC 





Table 5+ DC018 Signal Timing C Pasanctere ; 


_ Symbol Conditions Propagation Delay (ns) 
C, = 15 pF C, =50 pF 
Min. Max. Min. Max. 


1 — —_ — 55 
2 — — _ 35 
3 — — — 50 
4 WRC will be negated by DC018 in the — 45 — 50 
middle of the 4th bit, 5th bit, or 8th 
bit word cycle depending on the 8, 10, 


or 16 bit (respectively) word length 
selected. 
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’ gee a Py 
XX 018 
- = Yl 
5 


Symbol Conditions : an 7 ; a _ Propagation Delay the) 
i a GG pF ‘G=50 pF 
Min. Max. al Min. Max. 


(m1) ion) 00 ae aa : my. oe Mg 
after the negative-going edge of SCI 


where: 7 
m=8, 10, or 16 bits 
tcp = input clock period 
tload = 18 ns (as specified). 
7 0 — 0 — 
8 If PLS is not asserted during the _ — — 70 
previous word cycle, O/UR will 
be asserted by the DCO18. | = 
9 __ If PLS is. assereted, it must be — 50 — | 50 +.— 
negated up to (m)(tcp)—trerup ) ; 
nanoseconds after the positive oe of 
SCI where: 
~m=8, 10, or 16 bits 
cp= input clock period 
alte =5 ns (as specified) 
10 Pulse-width low | 25 — 25 — 
11 Setup time 40 — 40 — 
2 Hold time | 50 — 50 — 
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si 





SDI1,SDI0 ZZ 


TSSCO ——_tthZ 


HI-Z 
TSSDO 


~ SDIC | 





! 19-17043-00 _.. 19-17043-01 . 


| C,=15 pF. C,=50 pF. C= pF. Cx 50 pF 
. Max, Min. Max. Min. Max. Min. Max. 


SCI pulse-widthlw 15 5 8 8 
2 SCIH pulse-widthhigh 17  — so 177 — 30 — 380 — 





3 SDIO or SDI1 setup Cae a Se a ree eee 
time - weaome 3 eR 





5 SCI fi to TSSCO. - 13. . $3.20. 1a a aT a AS 





7 SOfsElwtt- $$.— 20 — 23 — 20 — 25 
TSSCO (active) — | : 
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Symbol Description == —=—@Propagation delay (ns) : 
| a 19-17043-00 | 19-17043-01 
CG=UpF GC =50pF C=UpF  C,=50pF 
Min. Max. Min. Mex: Min. Max. Min. Max. 


TSSDO (active) ‘a | . eae 


9 Setup time Se, oS ee 
10 SCItoSDO* ©13_— 33 3B 40....132 37+ B45 


11 SOTSE high to ~ - - —- 8 -—- ~ — 8 
TSSCO (Hi-z) : .; 


aes: Input clock period 36 — 36 — 7 —  .70 —_ 
(SCI) | . 


14 ~~ SCllowtoTSSCOlw B38 BsCs—Cia2‘B“SSB3T,'sd#'BCiS 


*Propagation delay controlled to allow cascading of two or more DC018 chips using a common 
clock. 





FIRST POSITIVE 
GOING CLOCK 
CLOCKS NOT EDGE AFTER CE 
RECOGNIZED THAT IS LAST POSITIVE GOING LAST NEGATIVE 
BY CHIPS lie eee BY CLOCK EDGE GOING CLOCK 
Rn EN CHW aes i f EDGE 


ro. a | 0 ce J - ve dee aa . 


wiso oR - ee | 
row ANT! ih pede 
pay (2) 
© 


PRDY (WHEN POM IS. NEGATIVE) — __J'Jo 





ce 


PRDY | 


Figure 7 «= DC018 Signal Timing E 





a 


Om 
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POM 





1//0<15:0> 


~ SEE OTHER TIMING FOR 
COMPLETE INFORMATION — 


(SEE FIGURE 7 FOR’ 

MORE DETAILED TIMING 
INFORMATION OF THE POM. 
SIGNAL) 


SD!1.OR ! 
SDI0 (SEE FIGURE 6 FOR MORE 
DETAILED TIMING INFR INFORMATION 
OF THE SDIO, SDI1 SIGNALS) - oP 4 





NOTE: 
FAILURE TO SATISFY THIS 
REQUIREMENT (15) MAY CAUSE 
eR ONER PROBLEM. pe lee Gee ee ear eee Teton el, nee i NT 
_ INTERNAL TO THE CHIP.” an =a : id a ie ja oh: i on oe 


Pipe § 8s DCO1g 18 Sip Timing E 





——— He od ae = — 
Pulse-width low 80 _~ 80 — 
If POM is negated, PRDY becomes high a a — 50 


after MRL is negated. If POM is asserted, 
PRDY remains negated until the sync 


byte is detected. 

75 — 75 — 
Setup time 50 aaa 50 _— 
Setup time 25 — 25 — 
Hold time | 15 — 15 — 
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Symbol Conditions ‘ Propagation Delay (ns)° 
8 PRDY must be negated-before POM can c 0 —_— 0 — 
be negated to assure = the validity of the. 
data. oo ee a ! : 
9 S00 8 
10 0 — 0 on 
11 Pulse-width low* 25 — 25 mo 
12 ‘Figure ll is — 34 — 40 
re Ty deg, Fa et ec aeeegs en cee 50 
13 > — 
14 Holdtime = a ae) ee 
15 Hold time - | OO) ie 0 


*Refer to Figure 7 and notes for additional PLS signal information. 


sci~ 





aniige do Ae OY ar he 20 
sDI1 | 
SYNC PATTERN 
ACD 
WRC 
THIS IS WHERE WRC WOULD BECOME 
ASSERTED IF SYNC - UP HAD OCCURED: 
eOUNTER ee | PREVIOUSLY. 
STATE ei | ae uae 





| Figure 9= DCO18 Signal Timing F 
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Table 8 = DCO18 Signal Timing F Parameters 


Symbol Conditions Propagation Delay (ns) 





C,=15 pF C, =50 pF 
Min. Max, ni Min. — Max. 
Signal ACD will be asserted after the — ie | ae 70 
12th bit of the sync byte is shifted in. a eke MCE ce 
The sync byte detector will trigger when 9 — eee 10 
a minimum of 9, 10, 11, or 12 bits are in 


agreement or when 10, 11, or 12 are 
in agreement for the specified clock rate. 









si—J LI LI tI lL i 








_.) FIRST BIT OF DATA 
WORD LOADED BY 


PRDY 


> 


SDO 


- Figure 10+ DCO18 Signal Timing G. 
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FROM 
OUTPUT 





TEST 


TEST : 
‘Vec 
RI 
2KQ 
$1 
FROM . 
OUTPUT 


ALL 

DIODES 
FD700 OR 
EQUIVALENT 


y ALL YS. 

| DIODES 
FD700 OR 
EQUIVALENT 


"$2 





LOAD A TTL OUTPUTS 

R1=2KQ, R2=1KQ FOR 

PINS 7-14, 27-34 

R1=2602, R2=1KQ FOR PIN 

PINS 38, 39. 

LOAD B THREE-STATE OUTPUT 

OUTPUT 
‘CONTROL 


~L (LOW LEVEL 












ENABLING) Vr (NOTE 3) 
et OV 
$1 AND 
$2 CLOSED 
: a el ste ieee same mw ow GY 0.5V 
WAVEFORM 1 : . : 
NOTE 1) 7 : 
( $1 CLOSED 
S2OPEN \ | ft 4-7-You 
t2H tHz 0.5V 
0.5 V 
aces | ——-VOoH 
WAVEFORM 2 
(NOTE 2) S1 OPEN 1.5V 
S2 CLOSED a 
S1 AND 
$2 CLOSED 
NOTES: 


1 WAVEFORM 11S FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH THAT 


3 
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ony A ei SO hnRNA NENT Ace 


THE OUTPUT IS LOW EXCEPT WHEN DISABLED BY THE OUTPUT CONTROL 


WAVEFORM 2 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH THAT 
THE OUTPUT IS HIGH EXCEPT WHEN DISABLED BY THE OUTPUT CONTROL 


Vy=1.3 V FOR ALL OUTPUT PINS EXCEPT 38 AND 39 
V+= 1.5 V FOR PINS 38 AND 39 


THREE-STATE OUTPUT WAVEFORMS 


Figure 11* DC018 Output Load Circuits and Waveforms 
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= %-rate encoder/decoder algoithm for mass-storage devices 
= Compatible with the DC018 Serializer/Deserializer 

* TTLand ECLinputs andoutputs 

« Phase detector and counter/divider is .. 

= Diagnostic mode operation 


- Description 


The DC024 encoder/decoder, cbtiingd in a 28-pin duabinline package (DIP), provides the 
functions required to encode and decode the data between the head electronics of a mass-storage 
device and the logic of the DC018 serializer/deserializer. In addition to the encoder and decoder 
logic, the DC024 contains phase detecto ‘s, ‘dividers, and conttol logic for a phased-locked loop. A 
test mode is provided to allow the DC024 and DC018 Seric alizer/Deserializer to be operated in an 


end-around configuration for diagntitee Purposes. Figu ally is a simplified block diagram of 
DC024. rows 


The DC024 performs the %-rate enco odin didi pee for mass storage products. It 
operates with TTL and ECL level i ie ise pean and see supe! a5 V and -5.2 V power supply. 


TOALL | 

CR mmm ciRCUITS ne 
E 
! 5 
(PHASE DETECYON ' 


cowrnee ENABLE z 
CONTROL | RESET CONTROL 


| am, UP+/UP- 
ERD+ /ERD- i | 
| 
} | | 






















HASE- DETECTOR 
EEDBACK CONTROL 


LOAD — 
| DECODE ENCODE | 


r LOAD 


Figure 1+ DC024 Simplified Block Diagram 
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This section provides a brief description of the input and output signals and power and ground 


connections of the DC024 28-pin DIP. The pin assignments are identified in‘ Figure 2 and 


summarized in Table 1. 


vex 1 28D ERD+ 
DwcC 2 27D) ERD- 
piac 3 26 DvcK+ 
prc CJ  25PVCK- 
DRO] 5 24D uP+ 
VecLJi6 23 J UP- 
Vec {7 220) GND © 
GND] 8 — 21PD)DN+ | 
GNot}9 = =——«< DL DNS 
GNoq]10. 19.) EWD+ 
cLRO}11 2=———™—s«SY. 8 J EWD- 
— @nDg 170) vee 
pwo{]13 160 A1 
wc (14 15) AO 





fog TOP VIEW | — 
Figure 2 = DC024 Pin Assignments 
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i 
o 
: 








28° ERD + >-inputs' Encoded cad dite signal from the ae) circuits. Each flux 
27:08" BRD! lenaaiogend 7 reversal to the read circuits: results i in a pulse input on this line. 
Dur 10de C, the asserting edge of the pulse enables the phase 

" detector of the E DC024 to perform a phase comparison of the 

oe deasserting. edge. During modes A and B, the phase detector is 

internally enabled and a phase comparison is s performed. on the 














_ deasserting ec ige of t these pulses. 





133. DWD . input? Decoded write data—This signal i is an input from the " deserial- 
izer of the system and is used during write operations. The data 





-_ isin NRZ format and will be encoded by si DC024 before being 
oe written on media. saul “ bas — bak iy 













2.. DWC input’? . _ Decoded write clock n 
a faith aie i aad cycle: Soir sak de co led ly nities stake ata bit. When Griting, this signal 
is one of thei inputs 1 ‘o the phase detector. An internal loop signal 
sency. and phase when locked clocks the 
into the: ie ‘This i input must be connected. 





11 CLEAR input? — Clear—Whenzasserted, al pco24 storage amet are lest 
and the logic is set to a known state. _ 


26 VCK + inputs! Voltage control clock—The differential input from an external 
25 VCK- voltage controlled oscillator. Provides a etpanenicy of two cycles 
op ee for an encoded data bit (three cycles per decoded data bit): 


i RK eet Migs ck Ud nk geen ak a 
locked loop feedback clock. 


3 DIAG input’ Diagnostic mode—When asserted, the DC024 enters the diag- 
nostic mode. The VCK clock signal is used as a substitute for the - 
_» VCK+/VCK- clock i ip ode as. ie feedinals chek ier the 7 

locked loop. : 


24 UP+ outputs! Up frequency—The pha detector output hea that causes 
23°. :UP- “the. voltage-controlled oscilla 
duration of the assertion of this signal is proportional to the 
magnitude of the phase error. 
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Pin ) Signal | Input/Output® 





21 DN+ _ outputs' Down frequency: THe: phase datector’e ‘Setput tha¥ causes the 





20: SDN sti hin, opine: __ voltage controlled oscillator to decrease its frequency. The dura- 
3 tion of the asserton of this signal is proportional to the magni- 

als sieges anges ttude of the phase error, 0.0... 
14 EWC output? © — Encoded write clock—A clock output from the phase-locked 

be a eee oe? “Joop circuit with one cycle for each encoded write data bit. 
19  EWD+ outputs! — Encoded write data—A combined output of the NRZ encoded 
18 EWD- ~~ write data and the encoded write clock. Every “one” input of the 
ter Hee] sad NRZ niin write e data be causes the outputs to change 
, | : ~ states. ‘i 

4 DRC output?” ae read dock —This signal is a clock output that is phase 


locked to the external input of phase-locked loop (ERD + /ERD- 
» when decoding or DWC when encoding) at ‘a frequency of one 
cycle for a decoded data bit. Used to clock the decoded read data 
-. from the DC024 during read operations and as a clock Source 
into a deserializer during write operations. 





5 DRD output? ‘~~ Decoded read data—This ‘signal is an NRZ serial output of the 
"2024 that is decoded from the serial input to the when reading 
encoded 2/3 rate) data from the peripheral. This signal is 
normally used as an input to a deserializer. While writing to the 
media, this signal is not disabled and shifts the decoded data 

(DWD) out delayed by 10.5 VCK + /VCK- cycles. 





6,7 Vee input Voltage—Power supply 5 Vde. 

89 GND input Ground—Ground reference for 5 Vdc. 

17 Vue input  Voltage—Power supply -5.2 V.. 

1-12, GND: input) © ~~ ‘Ground—Ground reference for the -2.5 V. 

22 Tee ee : 

‘ECL levels | 

TTL levels 9 

>The multiple power and ground p aa of the’ pc024 must be = propel connected to assure proper 
operation. 


» Opiate” 2 


The DC024: ebicbilec desaler: consists of shires main libic's sections—a phase detector, a counter/ 
divider, and an encoder/decoder. It implements the % -rate modulation code shown i in Table 2. In 
the bit sequences, the bits at the left are the first intime. 


Note: Signals referenced i in the > descriptions that are enclosed i in Sade [ i are piel a 
only. - beeen ec ot Gace ee. ais | — , 
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Table 2° Dc024 ae Rate Modulation Code 
Data Bits | Encoded sequence* . 
00 xoo . 
01 X01 
10 010 
1100 X00000 
1101 X00001 








1111 010001 
*X = The complement of the last bit of the ae encoded data. 


The aes rome ppetaies: in one. ce a fea morn niasied a ue) ‘AO. eand Al inputs. These 
inputs are decoded nh the counter/divider tose to > select ad modes Maned in T ible 3. 





“Table 3 C024 Modes of Operon 


Mode Modecontrol §  Phasedetector* oe ae Operation 
AL AO ~ Input _ Feedback 








00 ——CERD+/ERD-—(VCK/6) Preamble 
2 1 ERD+/ERD- —*‘[VCK/6] — ~—_— Preamble-Truncate 


1 ERD+/ERD- . [VC Read/decode 


OG / Ol ae 
— | | 


0 DWC | IVCK/ST_ ; | | Write/encode 
*Signals enclosed in brackets [] are internal to the DC024. 






flip-flops. E108 apd E107. Flip- flop, E108 i is set by the rising edge of the phase 

divided by 6. Flip-flop E107 is set by the t iling edge ¢ > phased-locl ed_ | 

Both flip-flops are cleared immediately after re are both set. The c aatpat of ial € 108 
indicates that the VCK clock frequency is low and is used to increase the charge of a filter network. 
Flip-flop E107 indicates that the VCK frequency is high and is used to decrease the charge on a 
filter network. At the start of a read operation, a special data pattern designated as the “preamble” 
is decoded to establish a phase lock before the normal data is read. The decoded preamble consists 
of all zeros. When encoded, the bit pattern is 100, 100, 100 etc. A lower frequency clock from the 
counter/divider is used as feedback to the phase detector when the preamble is expected. 
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(H] 
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Figure 3» Mode A Phase Detector Operation 


Mode B—Figure 4 shows the logic for mode B. When the phase of the loop is locked, a lost bit in 
the preamble data, indicating an error condition, could cause the loop to differ by one or more bits. 
A truncate function is provided so the phase’ detector can be reset’ by a signal from the ’counter/ 
divider after one-half cycle of the feedback signal. This function should not be used until frequency 
lock i is established as it may extend time to frequency lock. | 
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Figure 4 =» Mode B Phase Detector Operation a 
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Mode C—During a decoding (read) operation, the data input to the phased locked loop contains 
ones (pulses) and zeros (missing pulses). Figure 5 shows the logic circuit and signal timing for mode 
B. The leading edge of the encoded read data [ERDL] pulses are used by the phase detector to 
prevent missing pulses from being interpreted as late pulses. This is performed by allowing a phase 
comparison to take place on the trailing edge. 
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Figure 5 « Mode C Phase Detector Operation 
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Mode D—The operation of the phase detector during the encoding (write) operation is similar to 
the aneiate veri o s mc except that the encoded read data — poet signal is replaced. 
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Figure 6 « Mode D Phase Detector Operation 7 | 
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The crnatldh dice tidied the ti timing sont dock ona to ce the operation of th DC024 
and feedback to the phase detector. The logic receives a differential input (VCK+ and VCK-) from: 
an external voltage controlled oscillator during normal modes of operation. The counter/divider 
provides divide-by-two [VCK/2], divide-by-three [VCK/3], and divide-by-six [VCK/6] clock pulse to 
the phase detector depending on the operating mode selected. During diagnostic mode, the 
internal VCK signal is used as the feedback clock to the phase detector and the external signals are 
inhibited. 


Encoder/Decoder 


The encoder/decoder logic implements the %-rate modulation code and consists of a 4-bit fast 
serial shift register (Fast SR), a 4-bit slow serial shift register (Slow SR), a decode logic matrix, and 
an encode logic matrix. The encoded shift register (fast) is clocked by the clock [VCK/2] signal from 
the counter/divider and transfers the encoded data stream coming from or going to the disk 
interface. The decoded shift register (slow) is clocked by the [VCK/3] signal from the counter/ 
divider and transfers the decoded data stream coming from or going to the DC024. The decoding 
function and signal timing is shown in Figure 7. During this function, the serial data read from a 
disk is synchronized by the [VCK/2] clock pulses and serially loaded into the encoded shift register. 
Every three bits shifted into this register are decoded to two bits by the decoder matrix. The 
decoder matrix transfers the information in parallel to the decoded shift register. The data from 
this register is serially shifted to the DC024 logic functions. 
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Figure 7» DC024 Decode Function and Signal Timing 
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The encoding operation and signal timing are shown in Figure 8. A serial data stream is transferred 
serially to the decoded shift register. Every two bits shifted into this register are encoded to three 
bits by the encode logic matrix. This information is then transferred in parallel to the encoded shift 
register that serially shifts the data to the disk interface. 
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Figure 8» DC024 Encode Function and Signal Timing 


When the DIAG line is asserted, a special diagnostic function is enabled by connecting the encoded 
shift register in an end-around configuration as shown in Figure 9. This function may be used as an 
open-loop test of the DC024 by bypassing the VCO controlled phase-locked loop. By selecting the 
proper operating modes through AO and A1 lines, two serial bits on the DWD input can be shifted 
into the decoded register, encoded through the encoded matrix, and loaded into the encoded shift 
register. The end-around connection reshifts the encoded write data into the encoded register 
which is then decoded through the decoded logic matrix. This information is then transferred in 
parallel to the decoded shift register that serially shifts the data to the DRD output. 
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Figure 9» DC024 Diagnostic Mode Function 


The timing for a typical diagnostic mode operation is shown in Figure 10. Table 4 contains the 
possible decoded write data input patterns and the expected decoded read data output patterns. 
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Figure 10» DC024 Typical Diagnostic Mode Signal Timing 
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~ ‘Table 4-DC024 Lad Diagnostic Mode Decoded Data Patterns _ 
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'X represents either a 1 or 0 state. 
"Application of all i input states listed will exercise 93 percent of the legal decode i input sequences 
and 92 percent of the legal encode input sequences. _ 
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Read ‘ind Write Signal T Timing 

Figure 11 shows the timing reeiaks af ae sepals dusiiig vie erie write eee Dutinig a 
operations, the encoded read data (ERD) from the head electronics of the storage device results in a 
decoded read clock (DRC) signal and the decoded read data (DRD) output. This output is normally 
transferred to a deserializer. During write operations, the decoded write data input from the 
serializer results in an encoded write clock (EWC) signal and the encoded write data (EWD+/ 
EWD-) output to the storage device electronics. This output provides a nonreturn-to-zero signal to 
the head electronics of the storage device. 
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Figure 11 = DC024 Read and Write Operation Timing 


Counter/Divider Functions | 

The counter divider provides all the timing and clock signals, feedback to the phase Gee and 
control for the encoding and decoding functions. The DC024 uses a %-rate modulation code 
described in Table 2. 


Transition Detector 

During read/decode operation (Mode C), the encoded read data from the device is tranformed 
from a pulse format to a non-return-to-zero (NRZ) signal and synchronized with the voltage 
controlled oscillator feedback clock to allow loading and shifting into the encoded shift register 
Figure 12 shows the logic and ean timing that performs this function: | 
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Figure 12 « DC024 Transition Detector and Signal T iming 


Flip-flop E104 changes state on the rising edge of the encoded read data [ERD PULSE] input from 

the multiplexer. This indicates that a logic one of the data read has been detected. Flip-flop E205 

synchronizes the data and, together with flip-flop E206 and the exclusive OR gate, provides the 
separation of the synchronized signal. To assure that transitions at E104 are recognized and 

clocked during the proper bit cell for correct haa. the encoded read data and VCO clock input 

must be near a “‘phase-locked” condition. 7 


A read data capture window defines a period of time during wilich 3 a high to- a transition if the 
ERD signal can occur and be recognized in the proper bit cell and therefore become correctly _ 
decoded. The probability that the data transition will not be recognized in the proper bit cell 
increases as the phase lock between the data and the VCO signal is degraded. As the rising edge of 
the ERD- signal passes the right or left window boundaries, the transition of flip-flop E104 will be 
recognized by E205 either a bit cell too late or a bit cell too early. Refer to Figure 15 and Table 7 for 
the the parameters associated ‘with this window. Table 7 specifies the absolute limits for these 
paramenters to assures the correct decoding of encoded read data. 
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- Specifications 


The mechanical, electrical, and environmental characteristics and specifications for the DC024 are 
described in the following paragraphs. The test conditions for the electrical values are as follows 
unless specified otherwise. Refer to Digital specification A-PS-2100002-GS for general information 
on integrated circuits. | 


« Operating temperature (T,): 0°C to 70°C 

= Positive supply voltage (V.,): 5.0 V +5% 

. = Negative supply voltage (Vz,): -5.2 V 

- Relative humidity: 0 to 95% (noncondensing) 
= Storage temperature (T;): -65°C to 150°C 


Mechanical Configuration 
The physical dimensions of the DC024 28-pin DIP are contained in Aopendin E. 


Absolute Maximum Ratings 

Stresses greater than the absolute maximum ratings may cause permanent damage to the device. 
Exposure to the absolute maximum ratings for extended periods may adversely affect the 
reliability of the device. These ratings are for stress conditions only and do not imply that the 
device will function properly at these ratings or ratings above those indicated. All voltages are 
specified with respect to ground. The device must survive any combination of voltages within the 
ratings indicated. The ECL input voltage must not be allowed to go more negative than Vx. 


« Power supply voltage (V,,): -0.3 V to 7.0 V 
= Power supply voltage (Vz,): 0.3 V to -8.0 V 
« ECL input voltage (V,,): 0.3 V to Vig 

: TTL input we (V,,): -0.5 V to 7.0 V 


Recommended Operating Conditions 

« Power supply voltage (Vcc): 4.75 V to 5.25 V 

_* Power supply voltage (Vez): -5.46 V to -4.94 V 

+ Positive power supply current (Ic): 213 mA (maximum) 

= Negative power supply current (I,,): -37 mA (maximum) 


- Linear air flow 500 feet/minute (minimum) 


dc Electrical Characcstsiles 

The dc electrical parameters of the DC024 io the operating voltage and temperature ranges 
specified are listed in Table 5. Refer to Figures 13 and 14 for the test circuit configurations 
referenced in the table. The conditions listed in Table 6 apply to the test circuits. 
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Parameter | Symbol ‘Test 


High-voltage Vin 
input level | 


Low-level Vin 
input voltage 


High-level oe 
input current 


Low-level | | Bs 


input current 


Conditions’? 
Vec=5.25 V 


Inputs: DWC, DWD,VCK 


AO, Al, DIAG, CLR, 2 se ev 


Differential inputs: _ 
Ver =—4.92 V an 
ERD-=-3.0 V 


- ERD+=0V 


VCK-=-3 V 


—VCK+=0V_ 


sate 


Vec= 4. 75 V 


- Inputs: DWC, DWD, VCK, +0. 
AO, Al, DIAG. CLR oe 


Differential inputs: 


Vez =-5.46 V 
ERD-=0V 
ERD + =-3 V 
VCK-=0V 
VCK+ =-3V 


Vec= 5.25 V 
V,,=2.75 V 


Inputs: DWC, DWD, VCK, — a se 


AO, Al,CLR ~ 
Input: DIAG 


. Differential inputs: 


Vez =—).46 V 
V,,=0 V 
ERD-=0 V 
ERD+ =-3 V 
VCK-=0 V 
VCK+ =-3 V_ 


~~ Veo 525 FV - 


Vn = 0.5 V? 


Inputs: DWC, DWD, VCK, 
AO, Al, CLR 


Input: DIAG 
Differential inputs: 


Viz=-5. 20 V 


V..=-3.0V 


~ ERD-=0V_ 


ERD + =-3 V 
VCK-=0 V 
VCK + =-3 V 


Giga 
-3.0' 
-2.8 
~3.0 


bsg Ae 


3.0 


-2.8 


oo oo 


5.0 
5.0 


-5.0 
-5.0 
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ae Non 
output voltage 
Low-level | Vow 
output voltage 


Short-circuit le 
output current 


Positive power Ice 
supply current 
Negative power Iz, 
supply current 


Input clamp Vic 
diode voltage 


Input leakage _—iI, 


current — 


E Cedar . 3 Min. ae i a 


: Vec=4.75 V 


Lur=—-2.6 mA 
Outputs: EWC, DRD, DRC — 


Differential outputs: 

Viz=—5.2 V 

UP+, UP-, DN+, DN-, | 

EWD+, EWD- ) 
o°c ~-1.0 
25°C -0.96 
70°C -0,905 


Vec=4.75 V 
Lu=8.0mA | ar 
Outputs: EWC, DRD, DRC 0. 


Differential outputs: 
Viz=—-).2V 

UP+, UP-, DN+, DN-, 
EWD+, EWD- 


0°C -1.87.- 


25°C — =1.85 


10°C =1.832 


Vec= 5.25 V3 
Output: EWC, DRD, DRC -15 


Vec= 5.25 V4 — 


Ver=-5.46 V : 
Vez =—).4 V? seus ay : 


Vec™ 5.25 V 


Vec=5.0 V 
Vigp=—). 2 V 
=-18mA 


Inputs: DWC, DWD,VCK -1.5 — 


AO, Al, CLR DIAG 
Veco = 5.25 V 


Ver =-5.46 V 
Ve =5.5V er 
Inputs: DWC, DWH, VCK, -0.05 _ 
‘AO, Al, CLR, DIAG ens 


Voltages a are specified with respect to ground. 
?Positive values of current flow into the device and negative values flow out of the device. 
*Not more than one output shall be short circuited to ground at a time and the duration of the short 


shall not exceed one second. 


‘This test is performed with Ve, at 5.2 V. 
>This test shall be performed with Vie at -4.2 V. 
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NOTES 1TO 34 
(TABLE 6) 
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CIRCUIT C CIRCUIT D 


Figure 13 « DC024 de Test Circuits 
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Figure 14 » DC024 dc Test Circuits 
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| Table 6 DC024 dc Test Circuit Conditions 








1 The Vis and Vo, for the TTL inputs are determined by the wt Gieiitlogic. “BJA 


2. Refer to Table 5 for ECL input conditions. Vin and Va tcl as indicated by 
the test Suen: | oe ae J | a 


te 


ments at the ia eae in Table 5 o Vn and Ven omens eee ties Fibs 





4. The ECL inputs are tested by differential pairs and the input voliagee are 13/A, 13/B,13C - 
ea to meet the Vy; and Vo, gaia) of Table5.  13/D,14E,14/F 
Bee meron rai 


>. The k test eae arelistedin Table5. SN et bird | 3/B 
6. The input conditions are determined by the test t sequence, at. Any voltag 7a) 





within the range specified for Vyyand Vo. = ee ona | 13/B,13/C | 





7. Thei input conditions are indicated i in Table 5: es = setae om nig 13/D,14/E 





8. Each input is sean separately with the remaining TTL inputs s connected ie eel 
GND. ng, SRR POS Set gy ay 





9. Each differential i input pair is ‘ested iepanieh — ns i ; - be = 3 : ~ __ 4 
10. The TTL outputs areopen. | | as ~~ 13/D,14/E, oie 





11. The power supply current must not Sheed me limits specified in Table. 5 Be _ 
any combination ofinputlogiclevels, © en aE 





ac Electrical Chatactetiatics 

The input and output signal timing ae the. C024 i is. pinay in Figures 6 Lsough 19.. The 
propagation delays and conditions for the symbols on the timing diagrams are described in Tables 7 
and 8. Refer to Appendix D for the standard TTL input and output voltage wav -form parameters 
used for measuring the signal propagation delays. Figure 20 shows the TTL and ECL output loading 
circuits used for measuring the ac parameters. The time measurements of TTL are at 1. 5 V and the 
ECL measurements ate from the voltage crossing of the differential signals, 


"Table 7-DC024 Read Data Capture Window ae Timing Parameters 
Symbol Definition 








tre Woltagecontrolpulse 


tes Early data window margin _ ‘ ‘ | - tee =2.0 tis = 3.0 





ta Late data window margin — tvee —2.5 ~ “tecp - 3.0 
*Specifications are T, o 30°C, Vec= 5.0 V and Ver* -5.2 V 
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nal Timing Parameters 








merlin vmee crea sys on TEP eR SO 


Symbol é Description =a ot Figure/Mode 
tosv ..-«Ss-—s-: DWD setup to VCK +(+) 5.0 - ee 18/D 
fax DWD hold to VCK + (+) BO 2h4- oyet 3 ABAD. 5 
tasv _ AJ, AO setup to VCK + (+) 10 os —:18/A 
tity Al, AO hold to VCK + (+) 15 = BA 
try «A, AO setup to VCK(+) 10 — 18/A 
tale Al, AO hold to VCK(+) 15 ae 13/A 
tosp DWD setup to VCK(+) 5.0 — 19/DIAG-B 
to ..-«»-—« DWD hold to VCK(+) 20 — ——_—-19/DIAG-B 
tiny CLR release to VCK + (+) 25 _. 16/A 
teey .-—-—- CLR release to VCK(+) 25 oe. —-16/A 
tan. CLRrelease to ERD-(+) “25 = 16/A 
tew CLR pulse width high level “20 2 16/A 
testi __ ERD- pulse width high (Mode C)* 45. — —— 17/A,B,C © 
te ERD- pulse width low! 20° — — 1/A,B,C 
tw -~- VCK + pulse width high Be: az 17/A,B,C 
7 ~ 7D 

toe VCK + pulse width low 8.0 — 17/A,B,C 

17/D 
tvup VCK pulse width high in diagnostic mode 18 _ 19/DLAG- A 
tip VCK pulse width low in diagnostic mode 18 — 19/DIAG- A 
tows -~-—Ss«(s DWC pulse width high > 17/D | 
to «DWC pulse width low _ 20° — a7 
top, §- ——sd DWC period TS: — 17/D. 
tvec VCK +/VCK- period 25 ~ ~-17/A,B,C,D 

_ 17/D 
tvpp _ VCK period indiagnosticmode == 40 — _-19/DIAG-A _ 
topp CLR to DRC(-) propagation delay: | ~ 16/A 
C,= 15 pF 5.0 — | 
C,=70 pF.. — 32 
tcp .—Ss— . CLR to DRD(-) propagation delay: 2 16/A 
- ~~ Ge 5 pF SQ caer 
- ° C,=70 pF —  .. 33... 
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ter +» CLRtoEWD+(-)propagationdelay: | 6A 





toon ~ CLR toDN-(+) propagationdelay; SSS” Baiavaieas ~ 16/A 


aed DO te iegsei etal ai 


an ERD-(+) to UP-Of propagation daly: a ae 17/A,B,C 
ro a eat | 


a <p Ro oe” eee 7 eae” ee 
‘C.=15 pF - 5.013 (5 = 


C.=15pF 5.0% qe 17/D 
C.=70 pF — 9 OF = 25 


turds 2 VCK + (+) to -TRUNC UP-(+) i pohageyna Vo on aT 
propagation Saige - eae 
c- 70 pF te 35 


tv VCK + (+) to TRUNC DN-(4)s938d00y (4-80 es O07 B 
propagation Soa : 
C.=70 F eg OS (35 


tocu a VCK +(+) to ee propagation delay: - ee ee a 16/C 
G=70 pF. es ese 30 


top .  VCK+(-) to DRC(-) propagation delay; © |. a —16/C 
| sei 5.0 ue: eteine oes 


C, =15 oF : | 5.0 af Malone eg 
C,=70 pF tp eR Gs ae * 
topp VCK + (-) to DRD(-) propagation delay: BE | -16/C 
tepu VCK+(+) to EWD+(+) propagation 
delay 5.0 25 16/D 
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in diagnostic mode: 
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VCK(-) to DRD(+) propagation delay 
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VCK(-) to DN-(-) propagation celey 
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‘VCK(+) to DN-(-) propagation delay 
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delay: 
ee 15 pr 


delay: | 


UP- pulse width low 
DN- pulse width low 
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om 30 
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ee 
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17/D 
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torurtnen - VCK +(-) to DRC(-) to VCK +(-) 
to DRD(+) skew: 


tprp-tncn +4. VCK +(+) to DRC(-) to VCK +(-) 
to DRD(-) skew: 
C.= 15 pF -5.0 12 
C.=70pRo es SO ws 1 





a, oe : VCK+(+) to EWD+ (+) to VCK + (+) 10° 1.0 ee 
tecp VCK + (+) to EWC(-) propagation delays nner 18/A,B,C,D 
pe 


pe VCK + (+) to EWC(+) propagation delay: 18/A,B,C,D 
Gs b oe 5.0 anal 

= ewe! rs) Ypropegaton ropes 7 = ‘“ _ D/AB.CD 
C.=70pF Gai 

teur-tceon CLR to DN-(+) to CLR to UP-(+) skew -2.0 | Fe ee 

1 Optimum ERD +/ERD- pulse width is tycp +3.5-ns with nomin: al’ es C ng 

2 UP+, UP-, DN+, DN- must drive matched loads of 15 pF to 70 na < cognate 

>EWD+ and EWD- must drive matched: loads of 15 pF to'70 ph . 
















Figure 15 = DC024 Read Data Capture Window Signal Timing 
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Figure 16+ DC024 Signal Timing A 
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Figure 17 = DC024 Signal Timing B 
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Figure 18 » DC024 Signal Timing C . 
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Figure 19 = DC024 Signal Timing D 
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Figure 20» DC024 Output Load Circuit 
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- Features 


« Implements error correction code (ECC) 
« Accepts up to 10,060 bits of data in a 10-bit parallel form 


- Corrects any number of errors contained in up to _ 
any eight of the 10-bit symbols in the data field. 





a i 


= Generates 170-bits of ECC information from Satallel forms. 7 
= Compares 170-bits of calculated ECC wi with: p170-bits ats rea se ECC 


- Description 
The DC309 Reed Solomon generator is Satine’ ina 28. dual inline package (DIP) and is a 
dynamic NMOS LSI chip that implements : a Reed Solomon error correction code (ECC). The 
DC309 accepts up to 10060 bits of of ECC information in 10-bit parallel form . It contains the logic 
to compare 170-bits of calculated ECC int ‘ormation with 170-bits of read ECC information. This is 
performed by generating in 10-bit parallel form the exclusive-OR result of the calculated ECC and 
read ECC. This result permits external correction of i inva i d data. The algorithm is capable of 
correcting any number of errors containec inu t of the 10-bit symbols in the data field. 
Figure 1 is a block diagram of the DC309. | 




























cLR 
| REG | is fag ss ba. EE | REG 
DI<9:0> fwke ES FD Deaf aes ss ae righ 2 m a 
° oa nora 
| FEEDBACK | 
| AND GATES 
FBE - 






sped . = sig 
f ) PHASE 1 TO ALL 
| clock | print 
| GENERATOR | pyase 2 DETECTOR 
| LATCH 





ERROR ERR 
a ae | 
os al Do<00>. 


Figure 1 = DC309 Block Diagram 
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summarized in Table 1. 
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— 26) 12 
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TOP VIEW © 


Figure 2 « DC309 Pin Assignments 
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This section provides a brief description of the input and output signals and power and ground 
connections of the DC309 28-pin DIP. The pin assignments are identified in Figure 2 and. _ 





Table 1+ DC309 Pin and mie Summary 















4,15,2,18 — 
26,20 29" 

11, 6, D, 
5,16,1,. 
19,27, 21 
24 , 





~pO<90> 








Input Asserted wher ‘deta: rexeinodifer 
ye ECC C alo 3 cine ae obits ihe ECC. is received to 
generate. the output! residue. This gy 1s, negated 


17 CLR input FI POOR foes a fall clock ti time to > initialize the 
DC309 before starting any ECC process. 


8 = CLK input Clock—The 1 zal timing signal that controls the 
Hagelse outlet: rat luring normal ppetation, the 



















an Bi ie can. be jepleiseated provided the switch. 
ing times as specified are valid. 





: ee :):\ eee output a Error out—A Statically s stored signal that i is negated 





asserted ees the re esichie | is found to eee 
The latch is ; enabled when the FBE. signal is iene 





-.- and the INE sigr al is assert 
28 Vec input Voltage—Power supply 5 Vdc 
9 Vip input Voltage—Power supply 12 Vdc 


14 Vss input Ground—Ground reference 
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The DC309 contains 17 10-bit register cee an ae generator aad feedback al an error 
detector latch, and a clock generator. The régistet’ stages and error detector are cleared by the clear 


signal. A two-phase clock output from the clock generator is distributed to each of the registers. 


To generate the ECC, 10 bits of parallel data on lines DI<9:0> are entered through the input AND 
gates when enabled by the input enable (INE) signal. The parallel data from the input gates is 
transferred through the feedback gate to the alpha generator when enabled by the feedback enable 
(FBE) signal. The alpha generator produces eight 10-bit alpha-terms. Each bit of the alpha-term is 
composed of an exclusive-OR gated combination of from three to seven input bits and is OR gated 
with the register outputs. The, results are clocked into the next register stage. This process 
continues until all data words are entered. The ECC is then stored at the outputs of the 17 register 
stages. The INE and FBE signals to the error ovens latch are a aaa to shift c out t the 17-word © 
ECC register data. 


To compare the internally generated ECC with an external ECC, the INE signal is asserted and the 
FBE signal is negated. The internally generated ECC is shifted through the register stages and 
exclusive-OR gated with the input ECC. The resulting comparison data is transferred on the data 
out lines DO<9:0> and to the error detector. The error detector output (ERR) is asserted when 
the input ECC does not equal the internally generated ECC. 


Table 2 lists the logic levels required to select the DC309 functions. 





: Table 2 = DC309 Logic Function Selection 


3 Interface Signals* a a 
Function _ DI<9:0> DO<9:0> FBE INE CLR ERR 
Clear bikers. b oo:., x X L H 
Calculate ECC M : ae H.H ~ “Hays ~~H 
OutputECC—«K M- i L H H 
Output remainder M M OL H H M 


*H =High logic level, L= ‘Low logic level X= =High or low, M= Meaningtald — 


Specifications 


The mechanical, electrical, and eeecamenal nena and speciiiGiians for the DC309 are 
described in the following paragraphs. The test conditions for the electrical values are as follows 
unless specified otherwise. Refer to Digital specification A-PS-2100002-GS for the general 
specifications for integrated circuits. 


= Operating temperature (T,): 0°C to 75°C 
« Power supply voltage (V¢,): 5.0 V +5% 
= Power supply voltage (Vpp): 12.0 V +5% 
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The. physical dimensions if the DC309 9 28-pin DIP a are contained in Anpendi E. 


Absolute 1 Maxima Ratings - 
Stresses greater than the absolute maximum ratings may cause permanent damage to the. device. 
Exposure to the absolute maximum ratings for extended periods may adversely affect, the 


reliability of the device. Functional operation of-the device:at these or rqyner conditions: greater 
than indicated is not implied. 








: Power supply voltage (Vec): 7.0 'V 





« Power supply voltage (Vpp): 14 V 

V,):-L0 V to 10 V 

- Operating temperature (T,): 0°C to 70°C f 
« Storage temperature (Tr¢): -65°C to: 150°C 





- All other pin voltages 










- Relative humidity: 10% to 95% (noncondensing aide ‘ 





: Povet mace Shae (Voc): 5 V £5% 
- Power supply voltage (Vp): 5. 46 V to-4.94V 
" Supply. current (Tec): 75 mA (maximum) 





: - Supply current (I,,): 30 mA (maximum) Sn 
= Operating temperature (T,): 0°C to 75°C 


dc Electrical Characteristics 
Bie de electrical parameters of the DC309 for the operating voltage and temperat 


sified are gai in cana 3. Beles, to Apps pen sig : i a sare test circuit conf is : sieibins: 






Table 3. 
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Parameter Symbol Test oe oa | es - Units Test : 
input voltage mh “patsy ad ay i" | Oe denteg 





input voltage sites | 3 : tis | 

High-level Non Vec=4.75 V 2.4 a —_— 
output voltage Ip=-50 pA aa, 
Low-Input — Vo Vee = 4.75 V | | a 0.45 


A 
— 


<1. 


< 


output voltage Ip=2mA | we OT 
High-level In Veem5.25V =10, -- 10.» 
input current — RD 20, he eeaetin erin 4953 
Low-level soem Be ~Viw0.8 Vor oe =-10- 10 
input current Vec=5.25 V 7 
Short-circuit los Vee = 5.25 V -25  -65 
output current ee 7 
CTE oe enc om ee 
ion Vop= 12.6 V {me ce | rex SO. 


C4 


Geox 





ak Sees 


C7 
C7 


ac Electrical Characteristics 

“Table 4 lists ac timing parameters for the i input ind outputs tee chown in ‘Figares 3 ey 4. Figure 
3 shows the setup and hold timing sequence and Figure 4 defines the propagation delays for the 
input and signals. The symbols referenced in the figures and tables are defined in Table 4. The 
output load circuit used for the ac measurements is shown in Figure 5. Refer to Appendix D for the 
input and output voltage waveform parameters used for measuring the signal propagation delays. 
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CLDCK (CLK) 






INPUT ENABLE 
(INE) 


DATA OUT 
(D0 <9:0 >) 


DATA IN (DO<9:0>) 


Vou 
DATA OUT (DI<9:0>) 





Vor 


DATA IN TO DATA OUT 


Note: Input enable INE is high. 


a= 4y 
CLOCK (CLK) —_ fF 
| Ov 


Von 
ERROR OUT 
(ERR) 





Vor 


CLOCK TO ERROR OUT 


Figure 4 = DC3 09 ac Signal Propagation Delays 
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Table 4 = DC309 ac Signal Timing Parameters 








tas Clock low time 75 — 
tis Input enable setup time 30 —_ 
| ths Feedback enable setuptime = © 40 aa 





tos Data input setup time ROE ee 45 — 





tes Clear setup time oh oe re T15 = 

ti: Input enable hold time = ie 25 — 

tis Feedback enable hold ee oe > — 

tins Data input hold time i: ae | : 50 : - 

tess Clear hold time error 5 a 

teas Clock to output data a | 30 200 
propagation delay Aa = 

tenes Input enable to output as as a7 : 125 
data propagationdelay = 





tesencs Data input in output : : : z : ony: ae 30 
data propagation delay | = 

tee Clock to error a ee eee ae 160 
propagationdelay. | oa 

tece Cleartoerror : coors vr. 
propagation delay meme ee 








*All time measurements shall be made from the 1.5, V level of the appropriate signals. Input rise 
and fall times shall be 15 ns maximum measured at the 10% and 90% levels. Valid output data 
prior to low-going transition must remain valid for a minimum of 30 ns after the clock transition. 


POINT . NCC 


2 2K 
FROM 
OUTPUT 






ALL DIODES 
IN916 OR 
IN3O64 


Figure 5 « DC309 ac Load Circuit 
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. Typical Application aA TN Da enn Tg 
Figure 6 shows a typical app lication of the DC309. During a media write sequence, data is read 
from main memory, an ECC is calculated, and the data and ECC are written into the serial memory. 
During the following read-back data sequence, the data and ECC are read from the serial memory, 
and an ECC is again calculated from the data read. If the ECC that accompanies the data read is 


different from the calculated ECC, an error condition is indicated. 


PROCESSOR | 
| MAIN 
| MEMORY 


DC018 
SERIALIZER/ 
| DESERIALIZER 
















_ SERIAL 
MEMORY 
- MEDIA 















ERROR OUT 
(ERR) 
Figure 6 = DC309 Typical ECC Application Block Diagram 


Figure 7 shows the timing sequence for clearing the DC309, for calculating the ECC, and for 
transferring the ECC output information during a write operation. Figure 8 shows the timing 
sequence for clearing the DC309, for calculating the ECC, and for transferring the ECC output 
information during a read operation. 
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ERROR OUT 
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(ERR) 





SR 
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Figure 7» DC309 Typical Read Operation Signal Timing 
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DC309 





| ae | 


tos e 
DATA IN 
VALID 


"a iy 


DATA OUT 
VALID 
DO <9:0> 





Ecc | Ecc | Ecc 
15° 16 17 






ECC | ECC | 


trc.D0 > oe . 


_ Figure 8 = Typical Write Operation Signal Timing 


AAA ARRRRRERRRRRERERERRURETRERERUERERRUNREN 
SSSA SASS ASS SS SNS SAS SA SSNS ONS SANS 


During a media write sequence, 16 bits of parallel data read from main memory are transferred to 
the serializer. The data from memory can be transferred in blocks consisting of up to 10,060-bits. 
The serializer converts the parallel data to serial data and transfers it to the serial memory. The 
parallel data is also converted into 10-bit parallel symbol form and transferred to the DC309. The 
DC309 generates an ECC from the data received and transfers the ECC to the serializer where i it is 
transferred to the media. 


During a read-back operation following the write operation, the serial data and ECC from the 
media are read and transferred to the deserializer. The data read is changed into a 10-bit parallel 
symbol form and transferred with the ECC to the DC309. After all the data is read, if the data is the 
same as previously written, the 170 bits of ECC will be the same. The DC309 generates the 
exclusive-OR function of the 170 bits of read-back ECC and the 170 bits of recently calculated ECC 
and the results (residue) are transferred to the main memory. 


The DC309 checks the 170 bits of residue 10 bits at a time for all zero content. If the residue is all 
zeros, the read-back ECC is equal to the calculated ECC and no data errors are indicated. If the 
residue is not all zeros, the read-back ECC was not equal to the calculated ECC and the 170-bits of 
nonzero residue allow external mathematical calculations to correct any errors contained in any 8 of 
the 10-bit data symbols. A resulting error indication is transferred to main memory where it can be 
used to correct certain types of errors if required. 
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- Section 6—General Purpose Devices 


The general purpose devices facilitate the development of processor interfaces for the control and 
transfer of information from processors to memory and other devices. 

DC022 16-Word by 4- -Bit Register File—The DC022 is a 28-pin DIP device that provides two 
independent read/write ports to allow simultaneous asynchronous access to a register file from 
either port. 

DC102 Eight Channel Equals Checker—The DC102 is a 20-pin DIP that provides eight sr a 
channels used to compare data in pairs for equality. 

DC301 Dual Baud Rate Generator—The DC301 is an 18-pin DIP that provides program selectable — 


baud rates (50 to 38,400) and separate transmit and receive frequency outputs to control the 
transfer of serial-line information. 
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* TTL input/output port "capable of stake 20 mA in a low state 
: ECL and TTL address decoder and bidirectional data buffer 0% 











Disedgik 


The DC022 register file, contained in a 28-pin dual-inline package (DIP), ica coe bot up to 








16 4-bit words and two independent read/write ports that allow simultaneous asynchronous access 
to the register file information from either pote — lisa pened block diagram of the 


DC022. 


AO-E 


A1-E 


A2-E 


A3-E 


¥300930 SS3Y¥COV 193 


pot «opt D2.T - i=!  23-T 


Ti Mw 1 


ECL BIDIRECTIONAL 





DATA BUFFER 


eo Oo 


DO-E D1-E D2-E D3-E 


Figure 1 = DC022 Simplified Block Diagram 





4300930 SS3¥CQV TLL 





AO-T 


| ALT 


A2-T 


A3-T 
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os cat port. Each ; atte receives 3 adress’ i inputs aad read ees write 2 coable lines. sp ctaee port has ECL 


10k series macrocell arrays (MCA) compatible inputs and data outputs capable of driving 25 pA 
loads. The remaining port has TTL compatible inputs and outputs and is capable of sinking 20 


milliamperes in the low state. A location in the file can be written from either port by specifying the 
address on the address inputs, negating the read enable input, transferring the data to the input/ 


output lines, and asserting the write enable input. A location from the file is read from either port 
by specifying the address at the address inputs and by penis the read enable i input while the 


write enable input is negated. 


st 


- Pin and Signal Description 


This section provides a brief description of the’ input es Satbat signals anes power rate pecans | 
connections of the DC022 28-pin DIP. The pin assignments are identified in Figure 2 and | 


summarized ; in Table 1. 


—pco22 22) 





TOP VIEW : 
Figure 2 = DC022 Pin Assignments 
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_Table = . ‘Dc022 Pin and Signal Summary 





. br ped ee ct port sco 7 






















‘D<3.0>-E  inputs'outputs* ECL da 


A<3:0>-T inpu? 





TTL write enabled When asserted Toy on “the 1 TTL 
data inputs <3:0> is written to the register file loca- 
tion specified by the TTL address bits<3:0>. When 
negated, the location retains the data present. 


25... RDEN-T) -oc¢ inputlscs beg occ 





—The cor tents. oF the register file 












pera . Gin sh = [TL red ampe 

state drivers. epee limigeant 1Gl cho: 

D<3:0>-T inputs’/outputs‘ TTL data lines<3:0> “Bi itectional lines 311 | 

27,2605 ~~ | of the TTL data port with three- state e drives enabled 
| RDEN-T signal. 


Voltage—Power Tay rie to TTL i 
put buffers. 








252 





 input®’ 


8,11 Vig _ input*7 =“ Voltage —Power supply voltage to the ) 
thaake output buffers, and associated internal ge 

7,14,28 GND input®” @ Ground—Ground reference... 5.’ 

7Emitter follower drivers 9 

TTL levels — 

‘Three-state 

*Pins 7, 12, 14, 17, and 28 connect to network ground (GND). 

‘Pins 8 and 11 connect to Vg, Pin 23 connects to Vcc. 7? : 

"The power and ground pins must be connected externally to the pote power and pon plane. 
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: Operation 


The DC022 consists of an ECL and TTL address as an ECL L and TTL bidirectional data 
buffer, and a 16 word by 4-bit array latch. The TTL bidirectional buffer transfers data between the _ 
three-state data bus and the array latch. When the read enable RDEN“T signal is asserted, the data - 
from the array latch is transferred to the three-state TTL data lines D<3:0>-T. When the read 
enable signal is negated, the three-state output buffers are in a high impedance state. The ECL 
bidirectional data buffer transfers data between the 25 yA emitter OR gate type data bus and the 
array latch. When the read enable RDEN-E line is asserted, data from the array latch is transferred 
to the ECL data lines D < 3:0 >-E. When the read enable signal is negated, the ECL data lines are a 
high-impedance state. The TTL address decoder decodes the four TTL address bits A < 3:0>-T to 
select one of the 16 4-bit words in the address latch for a read or write transaction. The 16 words are 
accessed through the 16 TTL address decoder and 16 ECL address decoder select lines. The TTL or 
ECL input data from the bidirectional data buffer is written into the location selected by the TTL or 
ECL address bits when the write enable (WREN-T or WREN-E) lines are asserted. Data is read . 
from the array latch and transferred to the TTL or ECL bidirectional data buffer by selecting the 
proper word through the appropriate TTL or ECL address bits. The dual select lines, data paths, 
and read/write controls allow simultaneous and independent operation of the TTL and ECL ports 
for any combination of read/write transactions. Simultaneous write operations from the two ports 
tothe same word location, however, will result in undefined logic states for the addressed word. 
Simultaneous read and write operations to the same location will cause the data read to be the same 
as the data written. | 


. Specifications 
The mechanical, electrical, and environmental characteristics and specifications for the DC022 are: 
described in the following paragraphs. The test conditions for the electrical values are as follows 
unless specified otherwise. Refer to Digital specification A-PS-2100002-GS for the general 
specifications for integrated circuits. 


= Operating temperature (T,): 0°G-to 75°C: 
- Supply voltage (Vc): 5.0 V +5% - 
« Relative humidity: 0 to 95% (noncondensing) | 


Mechanical Configuration 
The physical dimensions of the DC022 28-pin DIP are contained in Apiadix E. 


Absolute Maximum Ratings : ) | Plage: 
Stresses greater than the absolute maximum ratings may cause pedaaneat damage to ee pres 
Exposure to the absolute maximum ratings for extended periods may. adversely affect the 
reliability of the device. 


= Positive supply voltage (V¢c): -0.3 V to 7.0 V 





« Negative supply voltage (Vez): -8.0 V to0.3V 





« ECL input voltage (V,,): 0.3 V to Viz 
« TTL input voltage (V,,):—0.5 V to 7.0 V 
* Relative humidity: 10% to 95% (noncondensing) 
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. Supply ne Wea) 4. 75 v to 5. 25 V (Vea): -5.46 V to -4.94V - 








- Supply current (Ig): 425 mA (thaximums) 


- Operating temperature (T,,): 0°C to 75°C 


- Linear air flow 500 feet/minute (minimum) 


dc Electrical Characteristics Beas? 

The dc electrical parameters of the pc022 for the operating ' cee and temperature ranges 
specified are listed in Table 2. Refer to Figures 3 and 4 for the test circuit configurations referenced 
in the Table 2. Table 3 lists the conditions that apply to the test circuits. 


Parameter 


High-level 


input voltage 


Low-level 
input voltage 


Symbol 


Via 


Vo. 


Table 2- Dc022 ike Electrical Charcseinin 


Test , 
Conditions'” 


<3:0>-T 
A<3:0>-T 
WREN-T 
RDEN-T 
D<3:0>-E 
A<3:0>-E 
WREN-E 
RDEN-E 
o°C “1.145 -0.74 
25°C | *-at10S- 0:74, 
75°C . -1.405  -0.62 
D<3:0>-T 0.1 70.8% 
A<3:0>-T OPER pr? 
WREN-T 

RDEN-T 





D<3:0>-E 

A<3:0>-E > x 
RDEN-E ee 
0°C 7 -2.55 -1.49 


25°C -2.55 -1.475 


75°C | -2.5 -1.45 
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Units 


<j<aa<c 


dadc 





3/A 


3/B 


3/A 


"3B 


3/A 


6-5 





Parameter 


High-level ln 
input current - 


Low-level In 
input current | 


Input clamp = Vic 
voltage 


Input current I, 
at maximum 
input voltage 
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Symbol Test 


Conditions" 


D<3:0>-T 


Vi=2.7V 
A<3:0>-T 
WREN-T 
V,=2.7 V 
RDEN-T 
View2.7 V:: 
D<3:0>-E 


A<3:0>-E 
WREN-E 
RDEN-E 
Vin = Vin Max 


D<3:0>-T 
A<3:0>-T 
V,,=0.5V 
RDEN-1T 
V,,=0.5 V 
D<3:0>-E 
V,,=-2.0 
A<3:0>-E 
WREN-E 
RDEN-T 
V.,,=—-2.0 V 


D<3:0>-T 
A<3:0>-T 
WREN-T 
RDEN-T 

I,, =-18 mA? 
D<3:0>-T 
V..=7.0 V 
A<3:0>-T 
WREN-T 
RDEN-T 
Vi= 7.0 V 





~ ~500 


-400 


-200 


-800 


-1.2 


50 


300 


200 


20° 


20 


300 


100 
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B 


BE 


BO& 


5 





3 Figure/Test 


IC 


3/D 
3/D 


| rs 


3/D 


3/E 


3/C 


eee SNR 





Parameter a Test Requirements — Units Figure/Test 


Conditions'” Min. — Max. > | 
High-level Vox D<3:0>-T 2.4 Vv 3B 
output eases NA =+26mA ee 7 
voltage PD <3:0>-E ee fA 
| 14. = 40 mA a | | 
1 =50 mA ; _ 
OPGioe Fe joe “61.0 2. A845 NV... 
29°C? eae : 30.96 ys O81, > 
75°C -0.9 OTR NV os 
Low-level Vo D<3:0>-T 0 OS VV 3/2. 
output voltage _ Lu =-20.0 mA , ee ee : 
Low-level Tou D<3:0>-E -800 20° pA A 
outputcurrent = Ve =-2.0V or ae Sekt eee 
Short circuit Ibo, D<3:0>T*. 4022-100. mA. CCF 
output current = POET 208 fel gene 
Positive powet Lg 0 ee Wage dBi wm mA 4G 
supply current a eee Pa fo ee ee 
Negative power Ize -400 $0 mA 4G 


supply current 


‘All inputs must be at the voltage levels specified to achieve the desired logics state. Open inputs will 


result in undefined logic states being propagated through the device. All voltages are specified 
with respect to network ground. 


On a transient basis, Vy, (min.) for TTL inputs is considered to have a value equal to the input 

clamp voltage (V,,) as measured for the device under test. The device must meet functional 
requirements when any combination of inputs is subjected to a Vj, transient of up to 100 
nanoseconds. 


*The duration of the specified input current (I,,) on a TTL input for the input clamp voltage (V,,) 
test must not exceed 1.0 milliseconds. 


‘All TTL outputs must meet all dc and ac characteristics after the application of ground for 1.0 
seconds. Only one output may be shorted to ground at a time. 


*The definitions of input and output voltage and current parameters apply to both TTL and ECL 
inputs and outputs unless stated otherwise. 
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Table 3 : DC022 de Test Circuit Conditions 


Figure/Test Condition 


3/A,3/B 
3/C 
31D 


3/E 


Each input is tested ae The test requirement must be met with other i inputs at 
any voltage within the range specified and for any voltage within the range specified 
for Vx or Vin. Pins D<3:0>-E are terminated to -2.0 V through a 250 resistor for 
input test. | 


Each input is tested separately. To test D < 3:0 >-T, RDEN-T must be driven by a high- 


level voltage and the input currents specified must be met over the range of Vy, 
specified for RDEN-T. 





- Each input is tested separately. To test D<3:0>-E, RDEN-E must be driven by a 


high-level voltage as the i input currents specified must be met over the range of Vy; 
specified for RDEN- 


Each input is tested separately. To test D < 3:0>-T, RDEN-T must be driven by a high- 


4/F 


4/G 


6-8 


level voltage and the input currents specified must be met over the range of Vm 
specified for RDEN- T. : 


Each input is tested separately. To test D< 3:0 >-T, RDEN- T must be driven by a low- 
a voltage. The short circuit currents (Ios) specified must be met over the range of 
Vin specified for RDEN-T. 


Each input is tested separately. 
1. The power supply currents may not exceed the limits specified for any combination 
of i input logic levels. 


2. The total power dissipation will increase when the outputs are connected to loads. 
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Vin 


Vec Vee Vcc Vee 


Vou, Vor, lot > Von Vor 


Vin, Vie Vin. ¢ | 


Vin, Vin yh Vin Vir 


Vin — | Va-1 
Vin — 
Vai —| F 





CIRCUIT A  iRcuIT B 


Vec Vee — Vee Vee 


DO-T 
} | 01-T 
|| D2-T 
| D3-T 


he. ti, in AO-T | 
|| A1-T hw 
A2-T 
A3-T 


WREN-T 
RDEN-T DCO22 





CIRCUIT C CIRCUIT D 


Figure 3 = DC022 Test Circuits 
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D1-T 
D2-T 
D3-T 
Vic J | AO-T 
lm) | A1-T 


A2-T 
| A3-T 
| | WREN-T 
| | RDEN-T DCO22 


GND 





CIRCUIT E CIRCUIT F 


REFER TO 
TABLE 3 

NOTE 1 FOR 
TEST CURCUIT 
G INPUTS 





CIRCUITG 


Figure 4» DC022 Test Circuits 


ac Electrical Characteristics 

Table 4 lists ac timing parameters for the input and outputs signals shown in Figures 5 through 9. 
The symbols referenced in the figures and tables are defined in Table 5. The TTL and ECL output 
load circuits used to measure the ac signal parameters are shown in Figure 10. Refer to Appendix D 
for the input and output voltage waveform parameters used for measuring the signal propagation 
delays. 
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Table 4 = DC022 ac Parameter Definitions 





Address access time—The time between the specified references on the address input 
and data output voltage waveforms with the output changing from one defined level 
(high or low) to the other defined level. (Read enable i is asserted and write enable is 
negated.) 


Data access time—The time Screen the specified: references on the data input 
voltage waveforms of one port and the data output voltage waveforms of the other port 
with the output changing from one defined level (high or low) to the other defined 
level. The first mentioned port is set up to write the array latch. (Write enable is 
asserted and read enable is negated. ) The second port is set up to. read the array latch 
(read enable is asserted and write enable i is negated), and both ports are set up to access 
the same location in the : array latch. 


Write access time—The time ‘between the specified reference points on the write 
enable input voltage waveform of one port and the data output voltage waveforms of 
the other port with the output changing from one defined level (high or low) to the 
other defined level. The first mentioned port is set up to write the array latch (read 
enable is negated and write enable is in the process of being asserted). The second port 
is set up to read the array latch (read enable is asserted and write enable is negated), and 


_ both ports are set up to access the same location in the array latch. - 


Output enable time—The propagation delay time between the specified reference 
points on the read enable input and the data output voltage waveforms with the output 
changing from the high-impedance (off) state to either of the defined active levels 
(high or low). For the three-state TTL outputs, both the high and low levels are active. 
For the open-emitter ECL outputs, only the high level i is active. 


Output disable time—The propagation delay time between the specified reference 


points on the read enable input and the data output voltage waveforms with the output 





changing from either of the active levels (high or low) to the high-impedance (off) 
state. For the three-state TTL outputs, both the high and low levels are active. For the 
open-emitter ECL outputs, only the high level is active. 


Address setup time—The time interval between the specified reference points on the 
address input and write enable input waveforms that defines the earliest point in time 
that the address inputs must assume stable logic states with respect to the write enable 
input pulse. The logic levels at the address inputs must remain stable between the 
points in time defined by the address setup and hold times to ensure proper transfer of 
logic levels at the data inputs into the array location specified by the address without 
affecting any other location in the array. 


Address hold time—The time interval between the specified reference points on the. 
write enable input and address input waveforms that defines the latest point in time 
that the address inputs must maintain stable logic states with respect to the write 
enable input pulse. The logic levels at the address inputs must remain stable between 
the points in time defined by the address setup and hold times to ensure proper 
transfer of logic levels at the data inputs into the array location specified by the address 
without affecting any other location in the array. 
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Name/Definition* _ 

Data setup time—The time interval between the specified reference points on the data 
input and write enable input waveforms that defines the earliest point in time that the 
data inputs must assume stable logic states with respect to the write enable input pulse. 
The logic levels at the data inputs must remain stable between the points in time 
defined by the data setup and hold times to ensure proper transfer of logic levels at the 
data inputs into the array location specified by the address. 


Data hold time—The time interval between the specified reference points on the write 
enable input and data input waveforms that defines the latest point in time that the 
data inputs must maintain stable logic states with respect to the write enable input 
pulse. The logic levels at the data inputs must remain stable between the points in time 
defined by the data setup and hold times to ensure proper transfer of logic levels at the 
data inputs into the array location specified by the address. 


Write pulse width—The time interval between the specified reference points on the 
leading and trailing edges of the waveform that must be applied to the write enable 


input to ensure proper transfer of logic levels at the data i inputs into the array location 


specified by the address. 


Rise-time—The time between a specified low-level voltage and a special high-level 
voltage ona waveform that is changing from the low level to the high level. 


Fall-time—The time between a specified high-level vcltage and a specified low-level 
voltage on a waveform that is changing from the high level to the low level. 

Input capacitance—The capacitance measured at the specified pins with power 
applied to the device. 

Real input impedance—The real portion of the input impedance measured at the 
specified pins with power applied to the device. 


*The definition of the input and output voltage and current parameters and the timing parameters 
apply to the TTL and ECL ports unless stated otherwise. 
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Table 5 » DC022 ac Electrical Characteristics _ 


Address access time’ 


-A<3:0>-T input to 


D<3:0>-T output 


Address access time? _ 


A<3:0>-E input to 
D<3:0>-E output 


_ Data access time’ 


D<3:0>-E input 
D<3:0>-T output 


Data access time* 
D<3:0>-T input 
D<3:0>-E output 


Write access time’ 
WREN-E input 
D<3:0>-T output 


Write access time’ 
WREN-T input 
D<3:0>-E output 
Output enable time 
RDEN-T input 
D<3:0>-T output 


RDENE input 
D<3:0>-E output 


Output disable time 
RDEN-T input 
D<3:0>-T output 


RDEN-E input 
D<3:0>-E output 


Address setup time’ 
A<3:0>-T input® 
A<3:0>-E input? 


Confidential and P = 


15 pF 
50 pF 
150 pF 


30 pF 
90 pF 


15 pF 


50 pF 


150 pF 


30 pF 


90 pF 


15 pF 
50 pF 
150 pF 


30 pF 
90 pF 


15 pF 
50 pF 
150 pF 


3.5 pF 


30 pF 
90 pF 


15 pF 


50 pF 


150 pF 


3.5 pF 


30 pF 
90 pF 


Load (C,)  Requiremen 
Min. 


2.0 
2.0 
2.0 


2.0 
2.0 


6.0 
6.0 
6.0 


6.0 
6.0 


6.0 
6.0 
6.0 


6.0 
6.0 


5.0 
5.0 
5.0 


5.0 
5.0 


5.0 


3.0 
3.0 
3.0 


2.0 


5.0 
8.0 





ts (ns) 
Max. 


30 


30 


30 - 


30 


30° 
30 


33 


30 


30 


32 
32 


36 


32 


22 
28 os 


22 
25 


20 
20 


40 


18 


20 


DC022 


Figure/Level 


5/TTL 


5/ECL 


6/TTL 


~ 6/ECL 


7/TTL 


7/ECL 


8/TTL 


8/ECL 


8/TTL 


8/ECL 


9/TTL 


— 9fECL 
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Definition Lead (C,) Requirements (ns) 

Address hold time’ 

A<3:0>-T input® 8.0 

A<3:0>-E input? 9.0 

Data setup time’ 

D<3:0>-T input® : 11.0 

D<3:0>-E input’ 3.0 

Data hold time’ — 12.0 

D<3:0>-T input® 18.0 

D<3:0>-E input? 19.0 

Write pulse width’ 

WREN-T input® 18.0 

WREN-E input? 15.0 

_ Rise time” 

D<3:0>-T output 15 pF 3.0 
50 pF 8.0 

D<3:0>-E output 3.5 pF 1.0 | 
90 pF 5.0 

Fall time" — 

D<3:0>-T output 15 pF 1.0 | 
50 pF 8.0 

D<3:0>-T output 3.5 pF 0.5 | 

| | 90 pF | 4.0 
Input capacitance 


D<3:0>-T =10 pF (max)” 
A<3:0>-T=10 pF (max) 
WREN-T =10 pF 

RDEN.-T = 10 pF (max) 
D<3:0>-E=10 pF (max)” 
A<3:0>-E=8 pF 
WREN-E=8 pF 

RDEN-E =8 pF 


Real input impedance“ 
D<3:0>-T=00 
A<3:0>-T=00 
WREN-T=0Q 
RDEN-T=00 
D<3:0>-E=00 
A<3:0>-E=00 
WREN-E =00 
RDEN-E=0Q 
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DC022 


Figure/Level 


9/TTL 
9/ECL 


9/TTL 
9/ECL 


9/TTL 


9/ECL 


9/TTL 
O/ECL 








IWREN-T and WREN-E = V,,, RDEN-T=V,,, A<3:0>-E are stable. 

*WREN-T and WREN-E = Vy, RDEN-E=V,,, A<3:0>-T are stable. 

IWREN-T and RDEN-E= Vy, RDEN-T and WREN-E = | a A<3:0>-T and A<3:0>-E are 
stable with the same address. wt 

‘WREN-T and RDEN-E=V,, RDEN-T and WREN-E=V,,, A<3:0>-E and A<3:0>-T are 
stable with the same address. 

3WREN-T and RDEN-E= Vin, RDEN-T = Vit» D<3:0>-E are stable, A<3:0>-T and A<3:0>- 
E are stable with the same address. 

‘WREN-E and RDEN-T=Viy, seer ni D<3:0>-T are pasa and A<3:0>-T and 
A<3:0>-E are stable with the same address. » 

“Setup times, hold times, and input pulse Sait are specified as minimum values and represent the 
requirements imposed by the device on the input signal timing relationships. 

‘RDEN-T= Nas | 

*RDEN-E = V ia 

For D <3:0>-T, the rise time is measured from 0. 8 to 2.0 volts. For D <3:0>-E, the rise time is 
measured from -1.5 to -1.1 volts. 

“For D<3:0>-T, the fall time is measured from 2.0 to 0.8 volts. For D3:0-E, the fall time is 
measured from -1.1 to -1.5 volts. . 


'2C apacitance is measured at the D<3: 0>-T pins with ite three-state buffers disabled. The 
requirement specified must be met for an Vi applied t to the RDEN- RDEN-T input that meets the 
requirements of Table 2. 




















Capacitance is measured at the D <0:3>-E pins with the emitter follower outputs in die off 
state. The requirement specified must be met for any V;, applied to the RDEN-E input that meets 
the requirements of Table 2. 





“This parameter specifies the real portion of the input impedance to be positive for all frequencies 
that will ensure that the device will not cause oscillations in a system environment. 
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Vin F 
A<3:0> - T . 
. Vit 
D<3:0> - T 
TTL OUTPUTS 
A<3:0> -E 
D<3:0>-E Ve 3V 
ECL OUTPUTS | 
H 
D<3:0>-T,-E VALID : 
| ~—t wr —+| : f 
Way, VV/V/\/ 
p<3:0>-T,-E = XXXXXXXXXXXKXAX L 





NONMONOTONIC INPUTS 


Figure 5 = DC022 Address Access Timing 
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D<3:0> -E 


D<3:0> - T 





TTL OUTPUTS 


Vin 
D<3:0> - T 


Vit 


D<3:0> - E 





ECL OUTPUTS 










D<3:0>-E,-T VALID 






tba— 


KXXKKKKKXXXXKKY 


D<3:0>-T,-E 


- ree 





NONMONOTONIC INPUTS... 


Figure 6 « DC022 Data Access Timing 
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WREN-E 





——— 
D<3:0> - T K---1 5V 


TTL OUTPUTS 


WREN-T 





ECL OUTPUTS 


WREN-E, - T HIGH LOW 


I} twa — 
D<3:0> - T, -E OO OKAY 


NONMONOTONIC INPUTS | 


rr 





Figure 7» DC022 Write Access Timing 
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DC022 


RDEN-T 





toe too 





~1.5V 
eae wawenme=- Vo 0.5 V 


D<3:0>-T 
S1 CLOSED, 
S2 OPEN— 


_ $2 CLOSED, 
S1 OPEN— 
D<3:0> - T 


~ $1 AND S2 CLOSED 
---1.5V = 






a Sh em mae Vou od 0.5 V 


Y ~1.5V 
———— SI AND S2CLOSED ———~ 0.0 V 


TTL OUTPUTS 





D<3:0> -E 





ECL OUTPUTS 


RDEN-T,-E = HIGH XXX cow XXX L 
toe (MAX)- be gees ——s | t—too (MAX) 


. ~ toe (MIN) >| | be» 1 too (MIN) 
D<3:0>-T, -E | ts OFF es XXX VALID _ XX 


syscned 


NONMONOTONIC INPUTS ~~ 


Figure 8» DC022 Enable and Disable Signal Timing 
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TTL PORT 


Vit 


Vin 
v tou 


Vin 
A<3:0> -E 


WREN-E 





ECL PORT 


D<3:0>-T,-E 


QO KK VALID XXX 


ese ay 


XXX VAUD |_| __YXXXXXX 









A<3:0> -T,-E. 





WREN - T,-E 


NONMONOTONIC INPUTS 


Figure 9= DC022 Write Sequence Timing 
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*C, INCLUDES PROBE CAPACITANCE 
Load A TTL Circuit 


FROM 


) TEST 
OUTPUT 


POINT 





-2.0V 
* C. INCLUDES PROBE CAPACITANCE 
Load B TTL Circuit 


Figure 10» DC022 ac Output Load Circuits 
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. Feaiines 


« High-speed, 8-channel equals checker function 
_ = TTLcompatible inputs and output 





: Description 
The DC102 equals checker, contained in a 20-pin dual-inline package (DIP), provides eight dual- 


input channels to compare data in pairs for equality. The equals checker output is a low level 


~ when any one or more input pairs are not at — logic levels. Figure 1 is a simplified logic dia- 
gram of the DC102. ! 


INOA ( 
® 
ioe Less D> 
INTA (3) a) 
IN1B (4) ) 80 
IN2A ( = 
ioe oo 1 
IN3A ( - 
eee __)ex —J | 
| (9) OUT 
iy | 
IN4B (13 ) EO a 
IN5A (14) ee. : 
IN5B (15) 0 7 | 
IN6A (16 =)D> | 
5 


) 
IN6B (17) 
IN78 (18) cei) 
| © Lee 
IN7B (19) — BD te 
NOTE: 
Numbers in ( ) Denote Terminal Numbers. 


Figure 1» DC102 Simplified Logic Diagram 
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The DC 102 is provided i in cba following two variations. Refer to Table 3 for the ac parameters for. 
each variation. 


: DC102: Digital part no. 1913888-00 and 1913888-01 


- Pin me Signal Description 


The input and output signals and the power and ground connections for the DC 102 20-pin DIP 
are shown in Figure 2 and summarized in Table 1. 


~INOA | | Vcc 
INOB IN7B 
INIA | | IN7A 
IN1B IN6GB 
IN2A INGA 
IN2B INSB 
IN3A INSA 
IN3B IN4B 

_ OUT IN4A 
GND NC . 





TOP VIEW 


Figure 2= DC102 Pin Assignments 
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-DC102 


Table 1 = DC102 Pin and Signal Summary 
Pin | Signal aa - ~ Input/Output* _Definitio on/Function | | 





1,2. INOA,INOB _ input Ea Input. AO and BO_Dual data i inputs to gate A 

3,4 IN1A,IN1B input  ==—— Input Al and B1—Dual data inputs to gate B 

7,8 IN3A,IN3B__input Inputs A3 and B3—Dual data inputs to gate D_ 
12,13 IN4AIN4B input =———sInputs A4 and B4—DualdatainputstogateE 
14,15  INSA,IN5B. _ input Inputs A5 and. B5—Dual data inputs to gate F - 
16,17 IN6AINGB input —_~—iInputs Aé and B6—Dual data inputs to gateG 
18,19 IN7AIN7B input —_Input A7 and B7—Dual data inputs to gate HH 











9 OUT pee a output**- Equals function output. 

11 NC _  Noconnection  _— | 

10 GND input Ground—Ground refereed ie ete 
20 Vv. input —Voltage—Power supply voltage 


*All signals are TTL levels . | es ‘i ; i: oe Tie 
**Open collector 


Functional Description ae 
Figure 3 is a functional peas of the DC102 that shows the i input signal groups. — 


EIGHT A 
INPUTS 


EIGHT B OUTPUT 


INPUTS 





Figure 3 « DC102 Functional Symbol 
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- Specifications , 


The mechanical, electrical, na eiiwinsiinintal characteristics om specifications for the DC102 
are described in the following paragraphs. The test conditions for the electrical values are as 
follows unless specified otherwise. Refer to Digital specification A-PS-2100002-GS for the general 
specifications of integrated circuits. 


- Power supply voltage (Vcc): 5.0 V + 5% 
» Temperature eee (T,): 0°C to 70°C 


Mechanical Cockeeiiton 
The physical dimensions of the DC102 20- -pin DIP are contained in Appendix E. 


Absolute Maximum Ratings | 
Stresses greater than the absolute maximum ratings may cause permanent damage to the device. 
Exposure to the absolute maximum ratings for extended periods may adversely affect the relia- 


bility of the device. 

« Supply voltage (V¢,): 7.0 V 

- Operating temperature (T,): 0°C to 70°C 

* Relative humidity: 0 to 95% (noncondensing) 


Recommended Operating Conditions 
« Supply voltage (V.,): 5 V +5% 
« Supply current (I,,): 160 mA 


de Electrical Characteristics , 

The dc electrical parameters of the DC102 for the operating voltage and temperature ranges 
specified are listed in Table 2. Refer to Appendix C for the test circuits configurations referenced 
in the tables. 
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C102 


Table 2 = DC102 de eae and evade Parameters 


Low-level Vu - 08 V CLE2: 
input voltage be er c ; 
High-level | Man | ae V Cl 
input voltage —. eee: onadaddaee 
Low-level oe Ve =0.4V — 01 «6-02 mA C4 
input current ns Veg = 5.25 V ane | | 7 
input current Vec=5.25 V 
Input current L Vn=7V — 10 mA C4 
at maximum Vec25.25 V | 
input voltage | ried : 
Low-level Nex Vec=4.75V - ne ~—6055 ~«V C2 
output voltage _ To. = 150 mA : 
Pin 1=0.8 V 
All other 
inputs = 2.0 V 
Vec=4.75V — 05 V C2 
Pin 1=0.8 V 
All other 
inputs=2.0 V 
Output reverse Le Vec=4.75 V — 01 mA Cl 
current Von = 3.75 V 
All inputs = 
20V 7 
Input clamp V; Vec=4.75V — 4-12 #+V C3 
voltage I,=-18 mA | 
Supply current Loc Vec=5-25V — 160 mA C7 
all other inputs 
=V,% 


| *Connect 330 resistor from Vc, to OUT (Pin 9) 
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ac Electrical Characteristics _ ; 

The voltage waveforms and propagation ides ie ie he input ie output signals are 
shown in Figure 4 and defined in Table 3. Refer to Figure 5 for the load circuit used in measuring 
the propagation delays. The following test conditions apply to the ac propagation cays measure- 


ments. 


= V..=0 V to 0.8 V, Vin =2. 0 V to 3.5 V for inputs not being tested. 


« The DC102 must meet the speed requirements for the specified input voltage range rand per- | 
formance must not be degraded by momentary negative voltage spikes on the inputs. _ 


« The nominal test conditions are V,, (0) =0 V, V,, (1)= 3.0 V, Vi.=0.5 V and Vin=2.7 V. = 
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tk = te = 0.5 V/ns 
tew = 180 ns 

~MiniO V 2 (VinO) 20.8 V 
2.0V = (Vin 1) = 3.5 V 


INPUT (Vin) | v(0) 


Output Out-Of-Phase 





Output In-Phase 


teLH | - — ete 


Figure 4 = DC102 ac Signal Timing Delay 
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Table 3 - DC102 ac Propagation Delay 


Symbol 





Requirements Units 
1913888-00* 1913888-01** 
tex . -—«_ Low-to-high level — 20 — 13 ns 
output 
teas High-to-low level — 20 — 13 ns 
output 
*C,=150pF 
aia = 100pF 


FROM 
OUTPUT 





- Figure 5 = DC102 ac Load Circuit 
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- Features 


“ Separate transmit and receive frequency outputs 
- Program selectable baud rates from 50 to 38,400 
» External TTL clock or crystal inputs 





: TTL compatible inputs and outputs _ 


: Description 
The DC301 dual baud-rate generator, contained in a 18-pin dual-inline package (DIP), provides a 


transmit and receive output to control the transfer of serial line information. Figure 1 is a simpli- 
fied block diagram of the DC301 baud rate generator. 





























12 
i 
7 x FREQUENCY] , | ans ¥ 
ApoRs 7a DECODE — | EP ROGAAMM ABLE 
| aa < ieee FREQUENCY SELECT 
ip a | V |controt a 
- DIVIDER — +2 sbi 
XTAL/EXT 1 : | | 
O 
- 
< 
< | 
= " 
Sud 
w 
XTAL/EXT 2S © Mf asec | > 13). Rec 
| }  owi0 | + re. 
Radel : fi 
at Cel | SECGEE REPROGRAMMABLE | (2) (11) (9) 
Rc res FREQUENCY SELECT} || Be 
ROM 
Ro CONTROL Vec GND Vop 
sTR>— 


Figure 1» DC301 Simplified Block Diagram 
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The DC301¢ consists of a cepneal contend seve two s niwinabis frequency dividers: and 
two divide-by-two counters. The input frequency to the oscillator can be supplied by an external 
TTL generator or controlled by a crystal connected directly to the DC301. Separate programmable 
inputs are provided for both the transmit and receive channels. These inputs select their respec- 
tive baud rates that may deviate depending on the frequency of the crystal of TTL input. The 
frequency decode and control logic is ROM-based and controls the functions of the divider. | 


- Pin and Signal Description 


The input and output signals and the power and ground connections for the DC301 18- -pin DIP 
are shown i in Figure 2 and summarized in Table 1. | 


XTAL/EXT2 


XTAL/EXT1 

Vec XMIT FREQ 
REC FREQ XMIT ADDR Ta 
REC ADDR Ra XMIT ADDR Ts 
REC ADDR a ; ~ XMIT ADDR To 
REC ADDR Rc XMIT ADDR Tp 
REC ADDR A [| 7 } sttT 

STR GND 

Vop NC 





TOP VIEW 


Figure 2 = DC301 Pin Assignments 
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Table 1 » DC301 Pin and Signal arrare 





Pin Signal ‘Input/Output Definition/Function —__ 

1 XTAL/EXT1 input! Crystal/external 1—Connects to one ia of the 
crystal or to a TTL input. 

18 = XTAL/EXT2- — input’ — ~Crystal/external 2—Connects to the other lead of 


17 = + XMITFREQ output? 


3 RECFREQ _ output?” 


4-7 RECADDRR,, input? 


Rg, Re,Rp 


8 SIR)sinput® 


16-13. XMITADDRT,, input? 





~ the crystal, t the pba polarity a TTL input, or not 


connected. . 


_ Transmit quer The frequency oat 


selected by the transmitter address. 


Receive frequency(f,)—The oe one 
selected by the receiver address. 


_ Receiver address—Four receiver address inputs Saat 


select the output frequency of the receiver (RECV | 
OUT). 


- Strobe receiver address—Asserted to load the 


receiver address into the receiver address register. 


_ Transmit address—Four transmit address inputs 


that select the output frequency e = transmitter 


~ (XMIT OUT). 


Strobe transmitter WAdiess = Ascered to load the 
transmitter address into the transmitter address 
register. 


No connection 


___ Ground—Common ground reference 





Ta, le,Tp 

12 STT input? 
10 NC 

il GND input 

2 ots Mege) 2 een input 

; Noe input 

'TTL levels or crystal input 

?T TL level 


Pe ‘ “Woltage-—Power supply. SV. connection a 


Voltage—Power supply 12'V connection 
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DC301 


eaguenes Selection 
The DC301 is available in several variations depending on the — rates required and the external | 
clock connections as listed in Table 2. 


‘Table 2  DC301 Electrical Variations 


Digital External Clock _ Baud Rates Power 

Part Number | | | | : : , Supplies | 

2112623-00 | TTL 50 to 19,200 12V,5V 
ee eee. & um ee ou (Table 3) or 5 V only 

2112623-01 -TTLor crystal 50 to 19,200 12V,5V 
| —- | (Table 3) or 5 Vonly 

2112623-02 TTL 50 to 19,200 2V,5V 
| | on (Table 4) or 5 V only 

2112623-03 | TTL 50 to 10,200 DRV,5V 
Pile * ce es (Table 5) or 5 V only 

2112623-04 | TTL | ~ , 100 to 38,400 ? LL V,5V 
ve (Table 6) or 5 V only 

2112623-05 TTL | - 50 to 19,200 5 V only 
. pee | | (Table 3) | : 


Tables 3 through 6 list the transmit and receive addresses required to select the desired baud rates 
for the crystal frequency specified. The tables also contain the characteristics of the DC301 sig- 
nals for the selected baud rates. 
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Table 3+ DC301 Baud Rate Selection and Characteristics (Crystal Frequency | 


Transmit/Receive Theoretical _ Actual 
Address Baud Frequency | 
50s(O0.8 
75 lie 
110 1.76 






3600 57.6 
800 76.8 
7200 115.2 
9600 153.6 ae 
19200 307.2 | t 50/50 


eter OOOOH SB eB KS OOO OC 
meme OOrH KH COOrF KF OOF KH OO! BW 
MPOrOrFOROrFRORFOFOF O| > 

—_ 

S 

p-—_ 

\O 

NO 


Table 4 - DC301 Baud Rate Selection and Characteristics (Crystal Freque 
Address Baud Frequency. ‘Frequency... | Percent Cycle 
= CY ——— 
15 te 








A 

0 

1 

0 110 1.76 

1 (134.5 2.152 

0 150 2.4 3 

1 200 Diz 3.2 
0 300 4.8 4.8 
1 

0 

1 

0 

1 

0 

1 

0 

1 





600 9.6 9.6 
1200 819.2 19.2 
1800 §=. 28.8 28.8 
2000 32.0 ~ 4 32.149 
2400 38.4 38.4 
3600 57.6 57.6 
4800 76.8 76.8 
9600 153.6 153.6 

19200 307.2 307.2 


Ped et eer ere be OOOOCOOCOC C1” 
pe OO RF OO SRP OO OC OC] 


Sooo o4.6665:6 5 (i 
EN i ce 
oN 
wa 
vi 
<=] 
wi 
r=) 

oo 
oO 
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Transmit/Receive 
Address | 

DC B A 
0 0 0:0 
0 &@ Od 

0. 202 16 
0 0: led 

0 “1: 0°°9 
0 -L.; OAL 
0 1 1.0 
QO +3 ae 

1:0 O79 
1. 0: Ord 
1 .O 1:..:0 
1 0O 1 1 

1 1 O QO 
1 1 OLE 
iL 1 1 0 
1 1 1. 


Baud | 
Rate | 


Table 5 » DC301 Baud Rate Selection and Characteristics (Crystal 





Theoretical . apa 
Frequency | Frequ 
~ 16X Clock (kHz) 16X X Clock (ki) 
0.8 0.8 
1.2 1.20 
1.76 1.76 
2.152 2.152 
2.4 2.4 
3.2 2.2 
4.8 4.8 
9.6 9.6 
19.2 19.23 
28.8 28.8 
32.0 32.0 
38.4 38.33 
57.6 57.6 
76.8 76.8 
153.6 153.6 
307.2 307.2 


19200 


Percent Cycle 
Error | | 


GSO-o oO 1 OC 4 OSC OOO Oo 6:6 


14 


Duty _ 


9% 


50/50 
50/50 
50/50 
50/50 
50/50 
50/50 
50/50 
50/50 


50/50 
50/50. 


50/50 
50/50 
50/50 


50/50 


50/50 
50/50 





Frequency 6.01835 MHz) 


Divisor 
7523 
5015 
3420 
2197 
2508 
1881 
1254 
627 
313 
209 
188 
157 
104 
78 
39 
20 


Table 6» DC301 Baud Rate Selection and Characteristics (Crystal Frequency 5.52960 MHz) 


Transmit/Receive 
Address 
DC BA 
0 0 0 0 
0:0: 0°1 
0 0 1-0 
0 0 1-1 
0 1 0-0 
0 1 OF 
Oo 1 «1-0 
0 1 1“1 
1 0 0:0 
10 0 1 
1°O 1°°°0 
1°O0 1-4 
1 °Y OV8sO 
lee 3 eae 
i-1 1°" 
a. fies 
6-36 


Theoretical =» Actual ~ 
Baud Frequency Frequency ° 
Rate  16X Clock (kHz) 16X Clock: (kHz) 
100 1.6 1.6 
150 2.4 2.4 
220 3.52 3.5197 
269 ~— 4.304 4.3032 
300s «4.8 4.8 
400 6.4 6.4 
600 9.6 9.6 
1200 =19.2 | 
2400 38.4 38.4 
3600 57.6 57.6 
4000 64.0 64.298 
4800 76.8 76.8 
7200 =115.2 115.2 
9600 153.6 153.6 
19200 307.2 307.2 
38400 614.8 «614.8 
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Duty 


Percent Cycle 
Error 


0 


© 


i of 
oOo © 
mm © 
‘Oo & 


oooo0o}oo0o0oo°o°o, 


466 


eet thse SSL sinnnbnesinntnmnmi 


% 


50/50 
50/50 
50/50 
50/50 
50/50 
50/50 
50/50 
50/50 
50/50 
50/50 
50/50 
50/50 


50/50 - 


50/50 


50/50 


44/56 


Divisor 


3456 





: Specifications 

re mechanical, electrical,'and environmental chara speci 
are described i in the followirig paragraphs. The test conditions for hie Eieeenieal values are as 7 
follows unless specified otherwise. Refer to Digital specification A-PS-2100002-GS for the'gen- « ° 
eral specifications of integrated circuits. 








= Power supply voltage (V,,): 5.0 V +5% 
= Power supply voltage (Vpp): 12V+5% 





The physica dincogone of the DC301 ace DIP a are contained in » Appendix E. 


Abeoluis ee Ratings ; ae 
Stresses greater than the absolute maximum ratings may cause permanent damage to the avid: 
Exposure to the absolute maximum ratings for extended periods may adversely affect the relia- 
bility of the device. 


: Positive voltage on any pin with respect to ground (Veg): 20 i i 
= Negative voltage on any pin with respect to ground Wee) 0.3 V 

- Operating temperature (T,):0°C to 70°C ? 

« Relative humidity: 0 to 95% (noncondensing) pee ee 


Recommended Operating Conditions 
= Supply voltage (Vcc): 5 V 45% 
= Supply voltage (Vpp): 12 V 45% 
= Total power supply current: 105 mA 
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rical parameters of the DC301 for the operating voltage and temperature ranges 


specified are listed in ‘Table 7. Refer to — C for the test circuit eoatiguresions pelepenced 





Table 7 = DC301 dc Input and Output Parameters 
| oe 


dc Electrical Characteristics 
The de ele 
in the table. 
Parameter Symbol _ Test condition 
Low-level Vu. Excluding crystal 
input voltage input levels 
High-level Vin 
input voltage eee 
Low-level Vig. Io, =3.2 mA 
output voltage | 
High-level Ven | = 100 pA 
output voltage a | ; 
Input current In §§ VaxdV, 

Excluding crystal 

— input levels 

Input Cy Via=2.0 V 
capacitance Excluding crystal 
(all inputs) inputs 
External input 1 TTL oo 
load 
Power supply Lee Vec25.25 V 
current V..= open 

Vow = Open 

j Lae = 12 6 V* 

Total power 
dissipation 


*Test not required when only 5 Vdc supply is used. 


6-38 


Max: 


— 0.8 


3 >) Vec 


we i + 30.4 


a 


— 500 
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Units | Test 
Circuit 

V A,B 

V A,B 

V B 

V A 

pA D 

pF 

mA G 

mA 

mW 





ac Electrical Characteristics | 

The input and output signal timing for the DC301 is shown in Figure 3. and the parameters are 
defined in Table 8. Refer to Appendix D for the standard TTL input and output voltage wave- 
form parameters used for measuring the signal timing. 


Table 8 = DC301 ac Timing Parameters 


Symbol Definition a Requirements' Units 

PW Receiver strobe 150 dc “ns 
pulse width? | 
Transmitter strobe 150 dc ns 
pulse width’ -_ 

to Address input | 250 0 — ns 
setup time’ 

to Address input | 50 ns 
hold time | 
Strobe to new — 2.5 Us 
frequency delay 


*C,=30 pF under normal operating conditions. Unit(s) shall meet C,=80 pF with derated 
conditions. 

?Input setup time can be decreased to > O ns by 
total of 200 ns. 





increasing the minimum strobe width by 50 ns to a 


STROBE(STR/STT) 
Vit 






Tset-up THOLD 

Vin 
ADDRESS 

Vit 


* Address need only be valid during the last Tpw, Min time of the input strobe. 


Figure 3 = DC301 ac Timing Parameters 
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DC301 


External Frequency 
Figure 4 shows typical external circuits used to connect the TTL frequency i inputs and crystal- 
controlled inputs to the DC301. 


TTL * 
INPUT 





* totem pole or open collector output 


~ Typical TTL Input Circuit 





Typical Crystal Input Connections 


Figure 4 = DC301 External Frequency Connections 
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Instruction Set | 

This appendix provides a summary of the VAX-11 instructions Poel Rares = seg MicroVAX 
78032, the floating-point instructions supported by the floating-point unit, and the emulated 
instructions that are assisted by the MicroVAX yeoa2’ s microcode. The standard notation fee 
operand specifiers is _ : 


<name> <access type> <datatype> 


1. Name—A suggestive name for the operand in the context oft the’ instruction. Is is sthe cipitalines 
name of a register or block for sei ai enienreet 


a= sates send 

b=branch displacement _ 

m= modified operand (both read and written) 

r= read only operand 

v=if not “Rn,” same as address operand, otherwise R[n+ 1) Rial | 
w=write only operand 


3. as type—A letter denoting the data type of the operand. 

b=byte | 

d=D_ floating 

f = F_floating 

g=G_floating 

1=longword 

q=quadword 

v=field (used only in implied seek) 

ve word | 
* = multiple longwords (used only in implied iperiitils) 


4. Implied operands—Locations that are accessed by the instruction, but not specified 3 in an 
operand, are denoted by braces { }. The reese for condition codes are 
* =conditionally set/cleared 
=not affected 
0 = cleared | 


1=set 


The abbreviations for exceptions are 

rsv = reserved operand fault 

iov = integer overflow trap 

idvz=integer divide by zero trap 

fov = floating overflow fault | 
-_fuv=floating underflow fault _ 

fdvz = floating divide by zero fault 

dov = decimal overflow trap 

ddvz = decimal divide by zero trap 

sub = subscript range trap 

prv= privileged i instruction fault 


Opeode values are even in hexadecimal. _ 
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. Integer Arithmetic and Logical Instructions 


OP 
58 


80 
Co 
AO 
81 
C1 
Al 
D8 
78 
79 


eco TR rae EES DIINO 


Mnemonic and Arguments 
ADAW 1 add.rw, sum.mw 

ADDB2 add.rb, sum.mb 
ADDL2 add.rl, sum.ml 

ADDW2 add.rw, sum.mw 

ADDB3 add1.rb, add2.rb, sum. wb 
ADDL3 add1.rl, add2.rl, sum.wl 
ADDW3 add1.rw, add2.rw, sum.ww 
ADWC add.rl, sum.ml 


ASHL cnt.rb sre.rl, dst.wl 
ASHQ cnt.rb sre.rg, dst.wq 


BICB2 mask.rb, dst.mb 

BICL2 mask.rl, dst.ml 

BICW2 mask.rw, dst.mw 
BICB3 mask.rb, sre.rb, dst. wb 
BICL3 mask.rl, sre.rl, dst.ml 
BICW3 mask.rw, src.rw, dst.mw 
BISB2 mask.rb, dst.mb 

BISL2 mask.rl, dst.ml 

BISW2 mask.rw, dst.mw 

BISB3 mask.rb, srce.rb, dst.mb 
BISL3 mask.rl, sre.rl, dst.ml 
BISW3 mask.rw, src.rw, dst.mw 


BITB mask.rb, sre.rb 


} BITL mask.rl, sre.rl 


BITW mask.rw, src.rw 


CLRB dst.wb 
CLRL dst.wl 
CLRQ dst.wq 
CLRW dst.ww 


CMBB stc1.rb, src2.rb 
CMPL srcl.rl, src2.r] 
CMPW src1.rw, src2.rw 


CVTBL src.rb, dst. wl 
CVTBW src.rb, dst.wl _ 
CVTLB src.rl, dst.wb 
CVTLW src.rl, dst. ww 
CVTWB strc.rw, dst. wb 
CVTWL sre.rw, dst. wl 


DECB dif.mb _ 
DECL dif.1 
DECW dif.mw 


DIVB2 divr.rb, quo.mb 
DIVL2 divr.rl, quo.ml 
DIVW2 divr.rw, quo.mw 


Description 
Add aligned word interlocked 


Add byte 2-operand 
Add long 2-operand 
Add word 2-operand 


Add byte 3-operand 
Add long 3-operand 
Add word 3-operand 


Add with carry 


Arithmetic shift left 
Arithmetic shift quad 


Bit clear byte 2-operand 
Bit clear long 2-operand 
Bit clear word 2-operand 


Bit clear byte 3-operand 
Bit clear long 3-operand 
Bit clear word 3-operand 


Bit set byte 2-operand 
Bit set long 2-operand 
Bit set word 2-operand 


Bit set byte 3-operand 
Bit set long 3-operand 
Bit set word 3-operand 


Bit test byte 
Bit test long 
Bit test word 


Clear byte 
Clear long 
Clear quad 
Clear word 


Compare byte 
Compare long 
Compare word 


Convert byte to long 
Convert byte to word 
Convert long to byte 
Convert long to word 
Convert word to byte 
Convert word to long 


Decrement byte 
Decrement long 
Decrement word 


Divide byte 2-operand 
Divide long 2-operand 
Divide word 2-operand 
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Exceptions 
iov 


iov 


i0v 


-10Vv 


iov 
iov | 


10Vv 

iov 

iov 
iov, idvz 
iov, idvz 
iov, idvz 








OP Mnemonic and Arguments 


87 DIVB3 divrrb, divd.rb, quo.wb 
C7? DIVL3 divrrl, divd.rl, quo. wl 
A7 DIVW3 divrrw, divd.rw, quo.ww 


7B? EDIV divrrl, divd.rg, quo.wl, rem.wl 
7A! EMUL mulrrl, muld.rl, add.rl, prod.wq 


96 INCBsum.mb 
D6 INCL sum.ml 
B6 INCW sum.mw 


92 MCOMBsrc.tb,dst.wb 


D2 MCOMLstrc.rl, dst.wl 


B2 MCOMW src.rw, dst.ww 
8E MNEGB stc.rb, dst.wb 

CE MNEGL stc.rl, dst.wl 
AE MNEGW sre.rw, dst.ww 


90 MOVB stc.rb, dst.wb 
DO MOVL strc.rl, dst.wl 
BO MOVW stc.rw, dst.ww 





9A MOVZBW stc.rb, dst.wb 
9B MOVZBL stc.rb, dst.wl 
3C MOVZWL strc.rw, dst.ww 


84 MULB2 mulrrb, prod.mb 

C4! MULL2 mulrrl; prod.ml 

A4 MULW2 mulrrw, prod.mw 

85 MULB3 mulrrb, muld.rb, prod.mb 
C5' MULL3 mulrrl, muld.rl, prod.ml | 
A5 MULW3 mulrrw, muld.rw, prod.mw 


DD PUSHL src. rl, 





Description 


Divide byte 3-operand 
Divide long 3-operand 
Divide word 3-operand 


Extended divide _ 


. Extended multiply 


Increment byte 


- Increment long 
Increment word 
~~ Move complemented byte _ 
’ Move complemented long 
Move complemented tied if 


Move negated byte — 
~ Move negated long 


Move negated word 
Move long 
Move word 


~ Move meron byte to word: : 
Move zero-extended byte to long 
-Move zero-extended word t to oleng 
_ Multiply byte 2-oper 
~ Multiply long 2-operand | 
Multiply word 2-operand 
~ Multiply byte 3-operand = 
Multiply long 3-operand 
Multiply word 3-operand 


d- 





Push long © 


* 


t+ # *# OOO 


# £#-#hOOOl000 


* #f 


‘* #1 O * 


C 
0 
0 
0 
0. 
* 
* 
‘ 


i 





UBicentions 


iov, idvz 
iov, idvz 


-iov, idvz — 


iov, idvz__ 


i0V 





9C ROTL cnt.rb, src.ri, c dst.wl 


Rotate long 





D9 SBWC sub.rl, dif.ml : 





_. Subtract with carry — 





82 SUBB2 sub.rb, dif.mb Subtract byte 2-operand Hehe ibe 

C2 SUBL2 sub.rl, dif.ml Subtract long 2-operand * # * jov. 
A2 SUBW2 sub.rvw, dif.mw Subtract word 2-operand moe * jov 
83 SUBB3 sub.rb, min.rb, dif.mb Subtract byte 3-operand FE BE Sg 
C3 SUBL3 sub.rl, min.rl, dif.ml Subtract long 3-operand oo BOR Oy 
A3 SUBW3 sub.rw, min.rw, dif.mw Subtract word Soperand ot ce A 
95 TSTB sre.rb est by | Foals Mae | es 
D5 TSTL src.rl . *. 1 O40 

B5 TSTW src.rw Test net Co Os 

8C XORB2 mask.rb, dst.mb Exclusive or byte 2-operand * * 0 - 

CC XORL2 mask.rl, dst.ml Exclusive or long 2-operand | * * 0.-. 

AC XORW2 mask.rw, dst.mw Exclusive or word 2-operand * F&A = 

8D XORB3 mask.rb, sre.rb, dst.wb Exclusive or byte 3-operand Beg Mie 

CD XORL3 mask.rl, src.rl, dst.wl Exclusive or long 3-operand ** 0 - 

AD XORW3 mask.rw, stc.rw, dst.ww Exclusive or word 3-operand ** 0 - 


1. The MicroVAX 78132 FPU, when present, accelerates execution of these i integer multiplication 


instructions. 
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2. The MicroVAX 78132 FPU, when present, accelerates execution of. these integer. division. 








instructions. 
- Address Instructions 
OP Mnemonic and Arguments cS. whet Description | N Z Vv C a 
SE MOVAB strc.ab, dst.wl ~ Move address of byte eae | | 
DE MOVAL {=F} src.al, dst.wl - Move address of long se ar Oe 
7E MOVAQ {=D=G} sre.aq, dst.wl -.: Move address of quad * * 0 a: 
3E MOVAW strc.aw, dst.wl _ _. . Move address of word a eA 
9F PUSHAB src.ab, {-(SP).wl} ee Push address of byte DAE Oia 
DF PUSHAL {=F} src.al, {-(SP).wl} | ~~ Push address of long ee Os 
7F PUSHAQ {=D=G} sre.aq, {-(SP).wl}  - Push address of quad * * 9 - 
3F PUSHAW src.aw, {-(SP).wl} Push address of word * * 0 - 
- Variable-length Bit Field Instructions 
OP Mnemonic and Arguments Description : NZVC ‘Exceptions 
EC CMPV pos.rl, siae. tb, base.rb, Se  . 
{field.rv}, sre.rl | Compare field = Oe cesy 
ED CMPZV pos.rl, size.rb, base: vb, Acts, 
{ field. vA ak rl Cotta zero-extended field * FCO bey: 
EE EXTV pos.tl, size.tb,base.vb, = sss” i / a 
_ {field. rv}, dst.wl _ Extract field oes  * * 0 - rsv 
EF EXTZV pos.rl, size.rb, base.vb, _ a 3 | | 
{field.rv}, dst.wl Extract zero-extended field * * 0O'- rsv 
FO INSV src.rl, pos.rl, size.rb, Fe | cal 
__ base.vb, {field. wv} Insert field - - — => rsv 
EB FFC startpos.rl size.rb, base. vb, a: ae 
{ field. et hail Find first clear bit = a ae Qe ousy 
EA FFS startpos.rl, size.rb, base.vb, : me ee 
{icld vt findooe ol wl Find first set bit | * * 0 = rsv 
- Control Instructions 
OP Mnemonic and Arguments Description NZ VC Exceptions 
9D ACBB limit.rb, add.rb, - ee 
index.mb, displ.bw Add compare and branch byte * * * — iov 
F1 ACBL limit.rl, add.rl, index.ml, | aan | a. aa | 
displ. bw _ Add compare and branch long *. * * ~. io 
3D ACBW limit.rw, add.rw, Oe | for oo 
__ index.mv, displ. bw Add compare and branch word OH Be Bae Ta 
F3 AOBLEQ limit. rl, index. ml, ae , 
_ displ.bb _ Add.one and branch on less or = Ge eg ee sn AO 
F2 AOBLSS limit.rl, index.ml, . aa aoe 
displ.bb | Add one sons bmaischie on less oe RL joy ~ 
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Mnemonic and Arguments Description N Z VC ‘Exceptions 
BCC{= BGEQU} displ. bb — Branch on carry clear Bl Ae oe a 
~ BCS{ =BLSSU} displ.bb Branch on’carry set ee eee 
BEQL{ = BEQLU} displ. bb Branch on equal oe eee 
~ BGEQdispl- bb > Branch on greater or equal ea ae 
_ BGTR displ. bb Branch on greater — ase ee ee 
BGTRU displ. bb ' Branch on greater unsigned — ed? 
BLEQ displ. bb Branchonlessorequal = = = --- - - 
BLEQU displ.bb Branch on less or equal unsigned ----- 
BLSS displ.bb Branch on less PAE eT RO, Va EAS 
BNEQ {=BNEQU} displ.bb —_— Branch on not ten ee 
BVC displ.bb 1. overflow cle eet, ieee oa 
-BVS displ.bb | Branch c on n overflow ERE er RN ici bana ens ielok eAm 





E7 
E6 


E9 
_E8 


31 
10 


30 | 


CF 


17 
16 
05 
F4 


F5 


BRC BC poe al, base.vb, displ.bb, 


ne pos. i base.vb, displ. bb, 
{field.rv} 
BBCC pos.rl, base.vb, displ.bb, 
{field.mv} 
BBCS pos. rl, base. vb, displ. bb, 
{field.mv} 


| BBSC pos.rl, base.vb, displ. bb, 


{field.mv} 


~ BBSS pos. a base.vb, displ.bb, 


{field 


{field 


BBSSI pos.rl, base.vb, dislp.bb, 
{field.mv} 


BLEC src.rl, displ.bb 
BLBS src.rl, displ.bb 


BRW displ.bw 
BSBB displ.bb {-(SP).wl} 


BSBW displ.bw {-(SP).wl} 


CASEB selector rb, base.rb, 
limit.rb, displ.bw-list 


CASEL selector.rl, base.rl, 
limit.rl, displ. bw-list 


CASEW selector.rw, base.rw, 
limit.rw, displ. bw-list 


JMP dst.ab 


-JSB dst.ab, {-(SP).wl} 


RSB {(SP)+ rl} 
SOBGEQ index.ml, displ. bb 


SOBGTR index.ml, displ.bb- 
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BCCI fn rl, base vb, dislp. bb, 


_ Branch on low bit set 


Branch with worddisplacement 


| Branch ¢ on bit clear : ; | = 7 oe ab ee 
_ Branch 0 on mbit set eer a am - : ~~ £8V 
Branch on bit nie and clear ed qe _ : oe 9 
Branch on bit clear and set 7 ‘ ieoudaae, ie : 
Branch on bit set and clear 7 peat peace rsv 
peas on bit set and set | : 4 ea _ ahaa tsv 

Branch onbit clea a clear interlocked - - - - rsv 

Branch on bit set and set interlocked - - - - rsv 
Branchonlowbitclear = = ----=- - 


Branch with byte displacement 


= ge a i a i i ns i iia Saar, 
a ee ee ee 


a ie ee ee ae ore 





Branch to subroutir e with | byte 
- displacement ne ee ee a ee 
Branch to subroutine with word 
displacement _ ee ee ee ee ae 
. Case ye Oe ee 
Case word eye te* ss 
Jump rr 
Jump to subroutine Oa a 
Return from subroutine | 
- Subtract one and branch on greater 7 | 
or equal — . ieee a ee 4 
Subtract one sid branch on Senin A doy 








- Procedure Call Instructions _ 








Description | 





NZV 


Exceptions 





Appendix A 





OP Mnemonic and Arguments C 
FA CALIG arglist.ab, dst.ab, {-(SP).w*} Call with general argument list 0 0 0-0 rsv 
FB CALLS numarg.rl, dst.ab, {-(SP).w"} Call with argument list on stack 0 0 0 0 rsv 
04 RET {(SP)+.r°} . Return from procedure koe ke rey 
- Miscellaneous Instructions 
OP Mnemonic and Arguments Description — N Z V C Exceptions 


B9 -BICPSW mask.rw 
B8 BISPSW mask.rw 


. Bit clear processor status word 


Bit set processor status word _ 


ke & kk 


rsv 


*k * & * sv 


Aen oDmnoestreiist anon UN RHO eee 


03 BPT {-(KSP).w’} Break point fault 0000 
00 HALT {-(KSP).w’} Halt (kernel mode only) - - - - prv 
0A’ INDEX subscript.rl, low.rl, high.t), - c meese | | 
size.rl, indexin.rl, indexout.w Index calculation 2 7*-*- 0 0 sub. 
DC MOVPSL dst.wl Move processor statuslongword - - - - 
01 NOP No operation ---- 
BA POPR mask.rw, ;{(SP)+.r°} Pop registers ---- 
BB PUSHR mask.rw, ;{-(SP) +.w’} Push registers ---- 
FC XFC {unspecified oeprands} Extended function call 0000 
- Queue Instructions 
OP Mnemonic and Arguments _ Description - N Z V C Exceptions 
5C INSQHI entry.ab header.aq Insert at head of queue, interlocked 0 * O * rsv 
5D INSQTI entry.ab header.aq Insert at tail of queue, interlocked 0 * 0 * rsv 
OE INSQUE entry.ab, pred.ab _—siInsert into queue © | ek ee 
SE REMQHIheader.aq, addrwl Remove from head of queue, interlocked 0 * * * rsv 
SF REMQTI header.aq, addrwl Remove from tail of queue, interlocked O08 * * ey 
OE REMQUE entry.ab, addr.wl Remove from queue Crue ee 
- Character String Instructions 
OP Mnemonic and Arguments - Description N Z V C Exceptions 


28 MOVC3 len.rw, srcaddr.ab, dstaddr.ab, 
- {RO-5.wl} 


2C MOVCS srclen.rw, srcaddrab, fill.rb, 
dstlen.rw, dstaddr.ab, {RO-5.wl} 


Move character 3-operand 0100. 


*k * 0 * 


Move character 5-operand 
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- System Support Instructions 


Mnemonic and Arguments Description NZ 
CHME param.rw, {-(ySP).w’} _ Change mode to executive 0 0 
CHMK param.rw, {-(ySP).w’} Change mode tokernel _ 0 0 
CHMS param.rw, {-(ySP).w*} Change mode to supervisor 0%:0: 
CHMU param.rw, {-(ySP).w’} a mode to user 00 
Where y = MINU(x.PSL<current_mode<) _ ; | 
LDPCTX {PCB.r", -(KSP).w’} _’ Load process context - - 

(kernel mode only) ~ 
MFPR procreg.rl, dst.wl Move from processor register la 

| (kernel mode only) : ; | 

MTPR src.rl, procreg.rl ~ Move to processor register ei 

(kernel mode only) ; 
PROBER mode.rb, len.rw, base.ab —- Probe read access 0% 
PROBEW mode.rb, len.rw, base.ab.. Probe write access ee Oo * 
REI {(SP)+.r°} . rn from exception or interrupt * * 
SVPCTX {(SP)+.r°, PCB.w’} Save processcontext  =»_—> - - 

(kernel mode only) _ 





- Microcode-assisted Emulated Instructions ; 


The MicroVAX 78032 provides microcode assistance for the emulation of these instructions by 
system software. The processor processes the operand specifiers, creates a standard argument list, 


and takes an emulated instruction fault. For a description of emulz 





to the MicroVAX 78032 User's Guide. 


OP Mnemonic and Arguments 


20 
21 
FS 
29 
2D 


35 
a1 


OB 


F9 
36 


08 
09 


Description 


ADDP4 addlen.rw, addaddr.ab, sumlen.rw, 
sumaddr.ab Add —— 4 a al ee 
ADDP6 addilen.rw, addladdr.ab, add2len.rw, ' are ha 
add2addr. ab, sumlen.rw, sumaddr.ab _, Add aries oper aes 
ASHP cnt.rb, srclen.rw, srcaddr.ab, round. rb, . “Arithmetic shift and round... 
dstlen.rw, dstaddr.ab packe 3 ea 
CMPC3 len.rw, srcladdr.ab, src2addr.ab Compare character 
~ 3-operand ale 

CMPCS srcllen. tw, srcladdr.ab, fill. th, Compare character | 
src2len.rw, src2addr.ab | 5-operand ee Pre oa 
CMPP3 len.rw, srcladdr.ab, ziedaddtah E Compare packed 3-operand * 
CMPP4 srcllen.rw, srcladdr.ab, src2len.rw, | 
src2add.ab | : Compare packed 3-operand we 
CRC tbl.ab, inicrc.rl, strien.rw, stream.ab —- Calculate cyclic _ 

| ae redundancy check iat 
CVTLP sre.rl, dstlen.rw, dstaddr.ab. Convert long to packed * * 
CVTPL srclen.rw, srcaddr.ab, dst.wl _ _ Convert packed to long a * 
CVTPS, srclen.rw, srcaddr.ab, dstlen.rw, Convert packed to leading 
dstaddr.ab | _ separate 1 2 
CVTSP, srclen.rw, srcaddr., dstlen.rw, Convert leading separate to 
dstaddr.ab ae packed _ aa! 
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*| O&O © 


* 





0 


rsv, prv 
rsv, pv 


rSv, prv 


rsv 


prv 


Exceptions 


ted instruction. srmanie refer 


N Z V C Exceptions 


rsv, dov 


rsv, dov 


rsv, dov 


rsv, 10V 
rsv, dov 


rsv, dov 


rsv,dov | 





Appeal 





OP Mnemonic and Arguments Description NZ VC Exceptions 
24 CVTPT srclen.rw, srcaddr.ab, tbladdr.ab, hy : 
dstlen.rw, dstaddr.ab Convert packed to trailing * * * O rsv,dov_ 
26 CVTTPstrclen.rw, srcaddr.ab, tbladdr.ab, | i ce: 
dstlen.rw, dstaddr.ab Convert packed to trailing * * * 0 rsv,dov 
27 DIVP divrien.rw, divraddr.ab, divdien. ™, | - 7 ted 7 7 
quolen.rw, quoaddr.a _. Divide packed : * * * 0. rsv,dov, ddvz 
38 EDITPC srclen.rw, srcaddr.ab, pattern.ab, Edit packed to character oo 
dstaddr.ab string RS Bee, dov 
3A LOCC charrb, len.rw, addr.ab Locate character 0* 00 
39 MATCHC objlen.rw, one ab, srclen.rw, | | 
srcaddr.ab Match characters 0* 0 0 
34 MOVP len.rw, ae dstaddr. ab Move packed EO 
2E MOVTC srclen.rw, srcaddr.ab, fill.rb, oa : 
tbladdr.ab, dstlen.rw, dstaddr.ab Move translated characters * * 0 * 
2F MOVTUC srclen.rw, To . esc.rb, Move translated until | 
tbladdr.ab, dstlen.rw, dstaddr.ab character ia a i 
25  MULP mulrien.rw, mulraddrab, muldlen.rw, 
muldaddr.ab, prodlen.rw, prodaddr. ab Multiply packed * * * 0 rsv, dov 
2A SCANC len.rw, addr.ab, tbladdr.ab, mask.rb Scan for character O.* 0.0 
3B SKPC charrb, len.rw, addr.ab Skip character Oo * 0 0 
2B SPANC len.rw, len.rw, tbladdr.ab, mask.rb Scan characters oO * <0 0 


22. SUBP4 sublen.rw, subaddr.ab, diflen.rw, Raabe Bee 3 
difaddr.a | Subtract packed 4-operand * * * 0. rsv, dov 


oa SUBP6 sublen. rw, subaddr.ab, minlen.rw, a es 
, rab, diflen. rw, difaddt. ab | Subtract packed 6-operand * * * 0. rsv,dov 


- MicroVAX 78032 Foating-point Tnacucionss 


These instructions are implemented in hardware if the optional MicroVAX 78132 foaisispoine | 
unit is present in the system. They must be software emulated if the MicroVAX 78132 is not 


included. 
OP Mnemonic and Arguments _ Description N Z V C Exceptions 
O6F  ACBD limit.rd, add.rd, index.md | Add compare and branch 
7 a | — D_floating * * 0 - rsvy, fov, fuv 
O4F ACBEF limit.rf, add.rf, index.rf _ compare and branch = 
a F_floating | * * 0 -  rsv, fov, fuv 
4FFD ACBG limit.rg, add.rg, index.mg | Add compare and branch , | 
- G_floating * * 0 - rsv, fov, fuv | 
060 ADDD2 add.rd, sum.md ~ Add D_floating 2-operand * * 0 0. tsvy, fov, fuv 
040 ~ADDF2add.rf,sum.mf ==> Add F_ floating 2-operand * * 0 0 rsv, fov,fuv — 
40FD ADDG2 add.rg, sum.mg Add G_floating 2-operand * * 0 0. tsy, fov, fav | 
061 ADDD3 add1.rd, add2.rd,sum.wd Add D_floating 3-operand § *.* * 0» rsv, fov, fuv 
041 ADDF3 addi.rf, add2.rf, sum. wf Add F_floating 3-operand * * * 0 rsy, fov, fuv 
41FD ADDG3 addl.rg, add2.rg, sum.wg Add G_floating3-operand * * * 0 tsv, fov, fuv 
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OP Mnemonic and Arguments _ Description 
071. CMPD srcl.rd, stc2.rd Compare D_floating 
051 CMPFsrcLrf, src2.rf Compare F_floating 

_ 5IFD CMPG srcL.rg, src2.rg Compare G_floating 
06C CVTBD src.rb, dst.wd Convert byte to D_floating — 
04C. -CVTBF stc.rb, dst.wf - Convert byte to F_floating . 
4CFD CVTBG stc.rb, dst.wg Convert byte to G_floating 
068 CVTDBstc.rb,dst.wb ~ Convert D_floating to byte 
076 CVTDF src.rd, dst.wf Convert D_floating to F_float 
06A CVTDLstc.rd, dst.wl ~ Convert D_floating tolong - 
069 CVTDWstc.rd, dst.ww Convert D._floating to word 


048 CVTFBsre.rf,dst.wb ~ _ Convert F_floating to byte 
056 CVTFDsrc.rf, dst.wg 
99FD CVTFG ste.rf,dst.wg 
04A CVTFLsrerf,dst.wl § = ConvertF 
049  CVTFWsrc.rf, dst.ww 
48FD CVTGB sre.rg, dst.wb 
33FD CVTGEF sre.rg, dst.wf 
4AFD CVTGL sre.rg, dst.wl 





| oating to long 
| Convert eee to word - | 





_ 49FD CVTGW src.rg, dst.ww Convert Giaoisice to word 
06E CVTLDsrc.rl, dst.wb Convert long to D_floating 
04E CVTLF ste.rl, dst.wf Convert long to FSloating 
4EFD CVTIG src.rl, dst.wg_ "3 G_floating 
06D CVTWDstc.rw, dst.wd Convert word to D._floating 
04D CVTWE src.rw, dst.wf 


Convert word to Pee 


4DFD CVTWG src.rw, dst.wg 





Convert F_floating to D_float _ 
Convert F_floating to G_float | 





t+ t+ + te Fe OH OH OH OF eSiial § + + *) * F 


+ + + 


tt * ke tt Oe Oe Oe ER eH 


0 
0 
0 
0 
oa 
0 
0. 
0 
0 
0 
0 
0 
0 
0 
6 
0. 
0 
0 
0 
0 
M 
0 
0 
O- 





Sv, iov 
» tsv, fov 


rsv, iov 
rsv, iov 
TSV. 

rsv 
rsv, iov 


rsv, iov 


rsv, iov 


. rsv, fov, fuv 


rsv, lov 
rsv, iov 








06B CVTRDLsrc.rd, dst.wl Convert rounded D_floating 

| to 
04B CVTRFLsrc.rf, dst.wl Comest ped F_floating 

| | to long 
4BFD CVTRGL src.rg, dst.wl ~ Convert rounded G_floating 

to long 

066 DIVD2 divrrd, quo.md ony ing ity 
046 = DIVF2 divrrf, quo.mf Divide eo faine paened 


46FD DIVG2 divrrg, quo.mg 


Divide G_floating 2-operand . 





067 DIVD3 divrrd, divrrd, quo.wd Divide D_floating 3-operand 


047 DIVD3 divrrf, divrrf, quo.wf Divide F_ floating 3-operand 


47FD. DIVD3 divrrg, divrrg, quo.wg Divide G_floating S-operand _ e 


074 EMODD muirrd, mulrx.td, 


muld.rd, int.wl, fract.wd Extended modulus Dc Hosting 
054 EMODF muicrf, mulrx.rb, 

muld.rd int.wl, fract. sae Extended modulus F_floating 
54FD EMODG muir. 

muld.rg int. aay oes Extended modulus G_floating 
072 *MNEGD src.rd, — Move negated D__floating 
052. *MNEGEF src.rf, dst.wf Move negated F_floating 
52FD *MNEGG stc.rg, dst.wg Move negated G__floating 
070 *MOVDsrc.rd, dst.wd Move D_floating 
050 *MOVF src.rf, dst.wf Move F_floating 
50FD *MOVG src.rg, dst.wg Move G__floating 
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0 
0 
0 
0 
0 
0 


“ rsv, lov 


0 
0 
0 
0 
O 
0 
0 


__£sv, iov 





rsv fov fuv fdvz 
rsv. fov fuv fdvz 


“'rsv fov fuv fdvz 
“ tsv fov fuv fdvz 
_ tsv fov fuv fdvz 


_rsv fov fuv iov 


rsv fov fuv iov 


rsv fov fuv iov 
rsv 
rsv 
rsv 
rsv 


rsv 
rsv 








Preliminary 


OP Mnemonic and Arguments _—Desscription - oe 
064 MULD2 mulrrd, prod.md Multiply D_-floating 2-operand — 
044 MULF2 mulerf, prod.mf Multiply F_floating 2-operand 
44FD MULG2 mulrrg, prod.mg Multiply G_floating 2-operand 


065  MULD3 mulrrd, muld.rd, prod.wd Multiply D_floating 3-operand 
045  MULF3 mulerf, muld.rf, prod.wf Multiply F_floating 3-operand 
45FD MULG3 mulrrf, muld.rg, prod.wg Multiply G_floating 3-operand 


+] 4 # a| oy 


% 


075  POLYD arp.rd, degree rw, tbladderab Evaluate polynomial D_floating * 
055  POLYF arg.rf, degree rw, tbladderab Evaluate polynomial F_floating * 


55FD POLYD arg.rg, degree rw, tbladderab Evaluate polynomial G_floating 


062 SUBD2 sub.rd, dif.md 
042 SUBF2 sub.rf, dif.mf 


Subtract D_ floating 2-operand 
Subtract F_floating 2-operand 


42FD SUBG2 sub.rg, dif.mg Subtract G_floating 2-operand 
063 SUBD3 sub.rd, min rd, dif.md Subtract D_floating 3-operand 
043 SUBF2 sub.rf, min rf, dif.mf Subtract F_floating 3-operand 
43FD SUBG2 sub.rg, min rg, dif.mg Subtract G_floating 3-operand 
073  *TSTD sre.rd Test D_floating 
053 = * TSTF sre.rf Test F_ floating 
53FD *TSTG sre.rg Test G_floating 


= MicroVAX 78132 FPU Integer Multiplication Instructions 


OP Mnemonic and Arguments Description 
07A Extended multiply EMUL mulrrl, muld.rl, add.rl, prod.wq 
OOA Index calculation INDEX subscript.rl, low.rl, high.rl, 


size.rl, indexin.rl, indexout.w 
0C4 Multiply long 2-operand =MULL2 mulrrl, prod.ml 
0C5 Multiply long 3-operand = MULL3 mulrrl, muld.rl, prod.wl 


. MicroVAX 78132 FPU Integer Division Instructions 


OP Mnemonic and Arguments Description 


0C6 Divide long 2-operand DIVL2 divr.rl, quo.ml 
 0C7 Divide long 3-operand = DIVL3 divrrl, divd.rl, quo.wl 
07B Extended divide EDIV divrrl, divd.rg, quo.wl, rem.wl 


A-10 Confidential and Proprietary 


* 


* + 


* e 


+ * +1 BY 


+ 
Coo1}oo tF}D OC COJ/9C OC O;C oC O;C COO] 4 


+ 


+ + 


* 
+ 


S00 O14 





Appendis 


Exceptions. 


rsv, fov, fuv 
rsv, fov, fuv 
rsv, fov, fuv | 


rsv, fov, fuv _ 
rsv, fov, fuv 
rsv, fov, fuv 


rsv, fov, fuv - 
rsv, fov, fuv 
rsv, fov, fuv 


rsv, fov, fuv 
rsv, fov, fuv 
rsv, fov, fuv 


rsv fov fuv 
rsv fov fuv 
rsv fov fuv 


rsv — 
rsv 
rsv 


Exceptions 


subscript range 
iov 
iov 


V C Exceptions 
* 0 iov, fdvz 
* 0. iov, fdvz 


* 0 iov, fdvz 





Preliminary 
- MictoVAX 78132 FPU Operand Transfer 





The integer divide instructions require that the lower 32-bits of the dividend be —— first 
and then the sie 32-bits. 
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VAX _FPU- ” First ~ Second. Third. 3 | | 
Mnemonic Opcode Transfer — Transfer: - Transfer Operation — ~ Result 1 Result 2 
ACBD  O06F limit addd  indexd (index+add):limit (index. aR) —- 
ACBF 04F limit.f addf . index.f _(index+add):limit (ind -- 
ACBG 14F limitg add.g -—index.g_—(index+add):limit (i --- 
ADDDx 060,061 add2.d addid = --- add1+add2_ : -~~ 
ADDFx 040,041. add2f addilf. --- addi +add2 ~~ 
ADDGx 140,141 add2g  addig --- addi +add2_ $ F —_— 
CMPD 071  —. ste2.d srcl.d -— srcl-src2 _ ao ~_~- 
CMPF 051 src2.f stcl1.f -—— ~ grel-sre2 a rete 
CMPG 071 src2.g srcl.g aa srcl-src2 --- --= 
CVTBD 06C src.b --- + fit cvrt d[r£4/.6]float[E] --- 
CVTBF 04C src.b --— —— fit cvrt f[rf4/.6]float{E] --- 
CVTBG 14C src.b --- — fit cvrt girf4/.6]float[E] --- 
CVTDB 068 src.d — ——- fit cvrt byte[T] oo 
CVTDF 076 src.d ~-- “ae fit change f[rf4/.6]float[R] --- 
CVTDL 06A src.d oo vena int cvrt longword[E] --- 
CVTDW 069 src.d — ~—— int cvrt word[T] a 
CVTFB 048 src.f -—~ -—— int cvrt byte[T] --- 
CVTFD 056 src.f ~—- oe fit change d[rf4/.6]float[E] --- 
CVTIFG = 199 src.f -—— -—- int cvrt gitf4/.6]float{E] -—- 
CVTFL 04A src.f --~ ~—- int cvrt longword[E] --- 
 CVIFW 049 src.f -~-~ --= int cvrt word[T] noo 
CVTGB 148 stc.g -—— _—~ int cvrt byte[T] am 
CVIGF 133 stc.g --- -—~ fit change f[rf4/.6]float[R] --- 
CVTGL 14A src.g on = int cvrt longword[T] --- 
CVTGW 149 sic.g --- -— int cvrt word[T] —-~ 
CVTLD 06E src.] --- --- fit cvrt d[r£4/.6]float[E] --- 
CVTLF 04E src.] --- + fit cvrt f[rf4/.6]float{R] --- 
CVTLG 14E src.] — -—- fit cvrt girf4/.6}float[E] --- 
CVTWD 06D stc.w — --- fit cvrt d[rf4/.6]float{E] --- 
CVIWF 04D src.w es -—- fit cvrt f[r£4/.6}float{E] --- 
_CVTWG 14E src.w ~ ——- fit cvrt girf4/.6]float[E] -—- 
CVTRDL 14A src.d — -—~ md, int cvrt longword[R] --- 
CVTRFL 14A src.f _-- _—— md, int cvrt longword[R] --- 
CVTRGL 14A stc.g ~ a md, int cvrt longword[R] --- 
DIVDx 066,067  divd.d divrd oe divd/divr quo.d[R] oon 
DIVFx 046,047 = divd.f divr.f ~—— divd/divr quo.f[R] oor 
DIVGx 146,147  divd.g divr.g ——~ divd/divr - quo.g{R] ~~ 
EMODD 074 mulrx.b  mulrd muld.d = muld*(mulr’mulrx) _ int.I[E] fract.d[R] 
EMODF 054 mulrx.b = mulrf muld.f = muld*(mulr’mulrx)  int.I[E] fract.{[R] 
EMODG 154 mulrx.b mulrg muld.g = muld*(mulr’mulrx) int. I[E] fract.g[R] 
MULDx 064,065 mulrd muldd  --- mulr* muld prod.d[R] -—- 
MULFx 044,045  mulrf muld.f --- mulr* muld prod.f[R] aa 
MULGx 144,145 mulrg muldg  --- mulr* muld prod.g{R] a 
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VAX 


POLYD 
POLYF 
POLYG 





SUBFx 
SUBGx 
EMUL 
INDEX 
MULLx 


DIVLx-. 
EDIVx 
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npn 


SUBDx - 


FPU 


075 


055. 


155 


062,063 
042,043 


O7A.. 
OOA 
0C4,0C5 


0C6,0C7 
07B 





et. (Feansfer,  Teansfer Operation... . 
int1.d #coeff.d  (arg*int1) + coeff 
intlf | #coeff.f. (arg*int1)+ coeff 


int 1.g #coeff.g — 





SUD. = fsb | min-sub _ 


“sub.f = --- ~ min-sub 
il gubyy te 2 oti au 


“muldsl --———smulr*muld 


size.rl  ——- mulr*size — 


muld.rl | --- “mulr*muld 
divd.rq: - divd/divr 
divd.rq 7 divd/divr 
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(arg*intl) + coeff 
~. diff.d{R] 
 diff.f[R] 
diff.g[R] 

dh prod. waq[E] 
-indexout.wq[E] 

__prod.walE] 

_ quo.wl[E] 





#int2.d[R] . 


#int2.f[R] 


#int2.g[R] — 





quo.wl[E] 


~ #int3.d{[R] 
#int3.f[R] 
— #int3.g[R] 





rem.wl[E] 


rem.wl[E] 


REEMA ereineneneeonesrennemAnarenOREEEE 





The DCT11 sind DCJ11 16-bit microprocessors hae a PDP-11 eat anal operate vith a 
common instruction set and similar addressing techniques. The following table list the instruction 
set for both processors. The instructions that do not apply to the DCT11 microprocessor are 
indicated by a dagger (+) preceding the instruction mnemonic term. The DCT11 microprocessor 
does not perform floating-point arithmetical operations and some of the DCT11 instruction 
executions are performed differently from those of the DCJ11 microprocessor. 


The abbreviations for the condition codes (N,Z,V,C) listed in the table are as follows. For sei 
condition code information, refer to ‘the HT Userss Guide. 


= * = conditionally set cleared 
=not affected | 
0= cleared 
1=set 


The block L) preceding the mare or base e ? at =0 for word/1 forbyte 
- Single Operand_ 











Opcode Mnemonic Description N Z V C 
[1050DD. CLR (B). Clear destination — 0 10 0 
[1051DD COM (B) Complement destination fF * 0 nbdhe: 
O052DD—s—‘iédINC' {|B Increment destination — I Tee 
(1053DD DEC (B) Decrement destination ge ow en ee 
[11054DD NEG (B) Negate destination ne eee 
C1057DD TST (B) Test destination ee Oe 
0073DD +WRTLCK _Read/lock destination, | dates 
write/unlock RO into devdnation . 0 - 

0072DD +TSTSET Test destination, set low bit tebse) Deaadh 
Shift and Rotate 
Opcode Mnemonic N ZV oC 
O062DD-—SstséASSRRXBBS)—| oe ee 
1063pD ASL (B) ee eee 
K060pp ROR (B) igh oor ee om 
O061DD ~=~— ROL B) Rotate left: : he a 
0003DD SWAB Swap bytes £ * OR OFF 
Multiple-precision | 
Opcode Mnemonic Description BO ‘AN ZV . Cc 
O055DD =~ ~=~=ADC(B) ~~ Addcarry_— maa eR a. ™ 
LJ056DD SBC (B) Subtract carry << & & 
0067DD SXT Sign extend - * QO - 
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Processor Status (PS) Word Operators 


Opcode Mnemonic 
1067DD = —‘ MFPS 
1064SS _ MTPS 

: Double Operand 
General 
Opcode Mnemonic 
LJ1SSDD MOV (B) 
[J2SSDD CMP (B) 
06SSDD ADD 
16SSDD SUB 
072RSS tASH 
073RSS tASHC 
070RSS +MUL 
071RSS tDIV 
Logical 
Opcode Mnemonic 
[13SSDD BIT (B) 
L4SSDD BIC (B) 
OI5SSDD BIS (B) 
074RDD XOR 

- Program Control 
Branch 

_ Opcode or 
Base Code Mnemonic 
000400 BR 
001000 BNE 
001400 BEQ 
100000 BPL 
100400 . BMI 
102000 BVC 
102400 BVS 
103000 BCC 
103400 BCS *- 
B-2 


Description 
Move byte from PS — 
Move byte to PS 


Description 

Move source to destination 
Compare source to destination 
Add source to destination 
Subtract source from destination 
Arithmetic shift. 

Arithmetic shift combined 
Multiply | 

Divide 


Description 
Bit test 
Bit clear 


Bit set 
Exclusive OR 


Description 

Branch unconditional 
Branch if not equal to zero 
Branch if equal to zero 
Branch if plus 

Branch if minus 

Branch if overflow is clear 
Branch if overflow is set 
Branch if carry is clear 
Branch if carry is set 
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Signed Conditional Branch 
Opcode or 7 
Base Code Mnemonic Description ; eoN ZO Ve 
002000 BGE Branch if greater than or a tozero - - - = 
002400 BLT Branch if less than zero Se ee a 
003000 BGT Branch if greater than zero a 
003400 BLE Branch if less thanorequaltozero =§- - - - 
Unsigned Conditional Branch 
Opcode or : hi Bae ates 
Base Code Mnemonic Description ae eis) ae ame fae 
~ 101000 BHI Branchif higher i ee 
101400 BLOS Branch if lower or same ia = oS eH 
103000 BHIS Branch if higher or same es, - - = 
103400 BLO Branchiflower ee 
Jump and Subroutine 
Opcode or 
Base Code Mnemonic Description N ZV C 
0001DD JMP Jump eo eee en 
004RDD JSR Jumptosubroutine ss. = 2 gen. = 
00020R RTS Return from subroutine -— = mie 
077R00— SOB Subtract one and branch if not equal to 
Zero sry | = 5 ee 
Trap and Interrupt 
Base Code Mnemonic — Description EON 2. Nee 
104000 to | | _ a 
104377 EMT Emulator trap _ Oe 
104400 to | | 
104777 TRAP Trap , ee * & 
000003 BPT Breakpoint trap a a ae 
000004 IOT Input/output trap ee  * * 
000002 RTI Return from interrupt oe oe 
000006 RTT Return from interrupt a a 











Miscellaneous Program Control 


Opcode or 
Base Code Mnemonic 
0070DD tCSM . 
0064NN tMARK 
00023N tSPL 
Miscellaneous 
Opcode or 
Base Code Mnemonic 
000000 HALT 
000001 WAIT 
000005 RESET 
000007 MFPT 
1066SS tMTPD 
0066SS tMTPI 
0065SS tMFPD 
1065SS tMFPI 

- Condition Code Operators 
Opcode or 
Base Code Mnemonic | 
000241 CLC 
000242 CLV 
000244 CLZ 
000250 CLN 
000257 CCC 
000261 - SEC 
000262 SEV 
000264 SEZ 
000270 SEN 
000277 | SCC 
000240 NOP 

B4 





Description — 


Call to supervisor mo 


Mark: 


Set priority level 


Halt 


Description 


Wait for interrupt 


Reset external bus 
Move processor type — 


Move to previous data space 

Move to previous instruction space 
Move from previous data space 

Move from previous instruction space 


Description ii 
Clear C 


Clear V 
Clear Z 
Clear N 


de 


Clear all CC bits 


Set C 

Set V - 

Set Z 

Set N 

Set all CC bits 


No operation _ 
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The llevine electrical circuit configurations are ae in performing the de tests. A definition of 
the parameters used in the tests is contained in Table C.1. 


Current flow into the device is a pegeuve value and current flow out ot the device is is a positive 
value. 


High (H) assertion signals are true or asserted for high: level voltages and fies or ened for low- 
level voltages. Low (L) assertion signals. are true or asserted for low-level voltages and false or 
sesso for high- level al voltages. | at ae 


| Table C.1 ode Test 5 Spectcion cheese a 
Symbol Nanie/Definition | | 





Vin High-level input voltage—An input wi level witisin the more . positive (less negative) 
of the two ranges of values used to represent the binary variables. 





Ve Low-level input voltage—An input voltage level within the less positive (more negative) 
of the two ranges of values used to represent the binary variables. 

| High-level input current—The current into an input when a high level voltage is applied 
to that input. a 

le Low-level input aa Te current into an input se a low. level voltage i is applied to 
that input. | 





Vic Input clamp voltage—An input. voltage i in a region ‘of aatucly is differential resistance 
that serves to limit the input voltage swing. This parameter applies to TTL inputs that 
have clamping diodes to ground that become forward biased for negative excursions of 
the input voltage. 


oe Input current at maximum input voltage—The current into an input when the maximum 
input voltage is applied to that i input. This parameter applies to TTL inputs. 

Vea High-level output voltage—The voltage at an output terminal with input conditions 
applied that according to the specification will establish a high level at the output. 

Vea Low-level output voltage—The voltage at the output terminal with input conditions 
applied that according to the specification will establish a low level at the output. 

i Low-level output current—The current into an output with input conditions applied that 
according to the specification will establish a low level at the output. 

1c Short circuit output current —The current into an output when that output is short- 
circuited to ground with input conditions applied to establish the output logic level 
farthest from ground potential. This parameter applies to TTL outputs. 

| om Low-level output leakage current—The current from an output with a low level applied to 
the output and with the input conditions applied so that the output is a high impedance. 
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loz 


Tec 


_. High-level output leakage current—The current from an output with a high-level applied 


to the output and with the input oie apple so that the output is a high 
impedance. | 
Positive power supply current—The current into the V,, input from the power supply. Ve 
represents the positive power supply voltage applied to the device. 


Negative power supply current—The current into the Vez supply terminal of the device. 


Vex represents the negative power supply voltage applied to the device. 


Input capacitance—The capacitance measured at the specified pins with power applied to 
the device. | | 

Real input impedance—The real portion of the input impedance measured at the 
specified pins with power applied to the device. 


Vcc 


lon << (+) 







V 
| | OPEN OH 
INPUT CONDITIONS COLLECTOR OUTPUTS 
Vip OR Viz AS 
DICTATED BY THE . 
LOGIC . | | 
TOTEM POLE 
OUTPUTS 
(—) low 
| .-T 
DC TEST CIRCUIT C1 
Vcc 
INPUT CONDITIONS 
Vin OR Vi, AS 
DICTATED BY LOGIC 





DC TEST CIRCUIT C2 


Confidential and Proprietary 








Appendix C 





Vcc 






ouTPUTiS) OPEN 





REMAINING 
i INPUTS 
| OPEN 


DC TEST CIRCUIT C3 


LORty ———_—_-_--» 





DC TEST CIRCUIT C4 


Vcc 







REMAINING | 


4.5V INPUTS ee 
‘N 


‘Ny(-) 


“Td 


| Too || 


DC TEST CIRCUIT C5 
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INPUT CONDITIONS 
GND OR 4.5 V AS 
DICTATED BY THE 
LOGIC 
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DC TEST CIRCUIT C6 


INPUT CONDITIONS 
. GND OR 4.5 V AS 

DICTATED BY THE 

LOGIC 





‘DC TEST CIRCUIT C7 


INPUT CONDITIONS 
GND OR 3.0 V AS 
DICTATED BY THE 
LOGIC | 





lOZL (+) 





DC TEST CIRCUIT C8 
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LOGIC 





DC TEST CIRCUIT C9 
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Figure D.1 shows the waveforms and symbols used to measure the propagation delay for some 
input and output voltages. 


“ 


1.5V 
INPUT 


OUTPUT VOLTAGE 


tL 1.5V 
IN PHASE 


sa. Jo 


OUTPUT VOLTAGE | | 
OUT OF PHASE | 
1 tHL | > tly 


Figure D.1* Input/Output Propagation Delay Symbols 
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Figure B. 1 and E.2 show se co tions of the molded sii cians dual-inline p 
Figure E.3 shows the configuration of the DCT 11 40-pin ceramic package. Table E.1 lists the pin 
and package dimensions. 

Figure E.4 shows the dimensions for the DCJ11 60-pin ceramic pac 
dimensions for the FPJ11 40-pin ceramic package. A 
Figure E. 6 shows the configuration and dimensions of the cerquad 
Figure E.7 shows the confi ation n of the pin grid array (PGA) packages anid Table E E. 2 lists the 
package dimensions. 





eand F: E.5 oS the 











Table E.1 Nee Dimensions 


Package  14-pin = 16-pin. ~—s‘18-pin 20-pin 28-pin ee 
Dimension Min. Max. Min. Max. Min. Max. Min. Max. : 


A 0.28 0.29 0.28 0.29. 0.28 0.29 0.28 0.29 0. 58 0.59 0.58 0.59. 
B 0.605 0.705 0.705 0.805 0.805 0.905 0.905 1.05. 1.305 1.405 1.905 2.05. 
C —- 0.08 0.18 -0.08 0.18 0.08 0.18 0.08 0.18 0.08. 0.18..0.08..0.18 
D 
E 
F 











O12. me Qe ~-enn 2 0.12 A ee 10 





0.1 + 0.01* 
0.014 0.022 0.014 0.022 0.014 0.022 0.014 0.022 0.014 0.022.0.014 0.022 








G 0.015 0.06 0.015 0.06 0.015 0.06 0.015 0.06 0.015 0.06 0.015 0.06 
H 0.044 0.07 0.044 0.07 0.044 0.07 0.044 0.07 0.044 0.07 0.044 0.07 
I 0.008 0.075 0.008 0.075 0.008 0.075.0.008 0.075 0.008 0.075 0.008 0.075 
J 0.008 0.014 0.008 0.014 0.008 0.014 0.008 0.014 0.012 0.02 0.012 0.02 
K — 04 — 04 — 04 — 04 — 07 — 07 
L — 035 — 035 — 9 °035 — 035° = 0.35 = 0.35 


*Non-cumulative at seating plane 
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14-PIN 16-PIN 





Figure E.1+ 14-, 16-, 18- and 20-pin Plastic/Ceramic DIP Configurations 
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Figure E.2 « 28- and 40-pin Plastic/Ceramic DIP Configurations 7 
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le 211 MAX 


1.288 


heer 1,300 + .015 





PINNO.1_ | 
INDEX “ay 
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Figure E.4 = DCJ]11 60-pin Ceramic DIP Configuration and Dimensions 





_-ESNERNRERNEAMNRNAREHINONREEERERERMON MINE = ES BES ESTE SN RSS AAG SESE 




















_ Number of 


44 
68 
84 
132 
164 





MINIMUM CLEAR ee 
- LEADFRAME ZONE 5 > 





.020 MIN 


Dimensions 

A B C D 

0.6 0.02 0.05 0.825. 
0.9 0.02 0.05_ 1.125 
1.1 0.02 0.05 1.325 
0.9 0.012 0.025 1.125 


1.1 


Figure E.6 = Cerquad Package Configuration and Dimensions 


0.012 0.025 1.325 
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“Tile E.2- "Pin Grid Arey acage Dimensions 
Type* Pins | “Dimensions 
"AB CGC Dp UEUFUGGC UH UJ CX 
72 117 10 01 0.05 016 O1 0.36 0.145 0.88 0.17 
B 32 14 13 O1 N/A N/A N/A N/A N/A N/A 0.18 
MJE,F 132 14 13 0.12 005 0.12 012 0.35 033 0.74 0.18 
BCI3 132: 14° 1.3 0.12 N/A : N/A N/A N/A N/A® N/A 0.18 





*Package Identification: 
Type B= VAXBI bus BGAI and BIIC chips 
M=V-11 M chip © 
VE=V-11 IE hig 
F=V-11 F chip | 
BCI3 = VAXBI bus BCI3 chip 










KEY PIN' 





PIN Al? 
INDICATOR 


STANDOFF? 








G 
: F 0.05 +.005 ) 
at ee ae _ | STANDOFF 
capacitor /| | PINS 
PADS* 
0.018 DIA 
0.05+0.005 
PIN Al AND 
PACKAGE IDENTIFICATION 
E (REFER TO TABLE E2) 


'Key pin is nonelectrical and is for alignment on type B chips only. 

*Pin Al is indicated by a protrusion on the standoff collar. 

>Standoff pins are positioned at the four exterior corners of the 132-pin PGA and at the four 
interior corners of the 72-pin PGA. 

‘Capacitor pads not available on the B and BCI3 PGA versions. 


Figure E.7 = PGA Package Configuration and Dimensions 
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